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future meetings 
and exhibits 


JULY 
—ail , . : a) 21 ..AFS T&RI Trustees, Annual Meet- 
LECTROMELT o* i 7 . ? i ing. Union League Club, Chicago. 
; ; 21-22 . . AFS Finance Committee, An- 
FURNACES re Sy ‘ " = = nual Meeting. Union League Club, Chi- 
“ , _ a cago. 


AUGUST 


7 ..AFS Executive Committee, Special 
Meeting. Dearborn Inn, Dearborn, Mich. 


7-8 . . AFS Board of Directors, Annual 
Meeting. Dearborn Inn, Dearborn, Mich. 


18-22 . . Illinois State Board of Voca- 
tional Education, Foundry Workshop 
University of Illinois, Urbana, Ill. Co- 
Sponsored by AFS. 


SEPTEMBER 


10-11 . . American Die Casting Insti- 
tute, Annual Meeting. Edgewater Beach 
Hotel, Chicago. 


22-23 . . Steel Founders’ Society of 
America, Fall Meeting. The Homestead, 
Hot Springs, Va. 


22-24 . . Material Handling Institute, 
Joint Industry Fall Meeting. The Green- 
brier, White Sulphur Springs, W. Va. 


23-26 . . Association of Iron and Steel 
Engineers, Exposition. Public Auditor- 


Wor youmelt.. LECTROMELT 2 


. Association Technique de 
Fonderie de Belgique, 25th Internation- 
; : al Foundry Congress. Brussels and Liege, 
TOP CHARGING provides smooth, fast turn-around in furnace operation Belgium. 
—less downtime between heats and less heat loss. Linings and electrodes 
last longer. 


HIGH POWER INPUT allows rapid metal melting. Lectromelt makes this 

possible with large transformers and leads, more efficient cooling and 6-8 . . National Association of Corro- 

heavier furnace construction. sion Engineers, Annual Meeting, North- 
east Regional Division. Somerset Hotel, 

RAPID TILTING is accomplished smoothly and safely. Mechanism is accu- Boston. 

rate, strong and side-mounted—located out from under, where it won't get ose a i ila: alias 

clogged by spillage. Annual ‘ee. Sheraton Park Hotel, 

Catalog 10 describes Lectromelt Furnaces. For a copy, write Lectromelt Washington, D. C. 
Furnace Division, McGraw-Edison Company, 316 32nd Street, Pittsburgh 
30, Pennsylvania. 


OCTOBER 


13-18 . . National Industrial Sand Asso- 
ciation, Semi-annual Meeting. The Green- 
*Reg. Trademark U.S. Pat. Off. brier, White Sulphur Springs, W. Va. 


STANDARD 15-16 . . AFS Michigan Regional 


; Foundry Conference. University of Mich- 
nN igan, Ann Arbor, Mich. 


CANADA: Canefco Limited, Toronto . . . ARGENTINA: Master Argentina, Buenos Aires ITALY: Forni J 16-17 . . AFS All Canadian Regional 
Stein, Genova . . . ENGLAND: Electric Furnace Co., Ltd., Weybridge .. . GERMANY: Demag-Elektrometal- TWO KUNORED TONS Found C R Be ht 
lurgie, GmbH, Duisburg . . . SPAIN: General Electrica Espanola, Bilbao . . . FRANCE: Stein et Roubaix, aioe , oundry onference. oyal Connaug 
Paris... BELGIUM: S. A. Stein & Roubaix, Bressoux- Liege . .. JAPAN: Daido Steel Company, Ltd., Nagoya Hotel, Hamilton, Ont. 
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16-18 Foundry Equipment Manufac- 
turers Association, Annual Meeting. The 
Greenbrier, White Sulphur Springs, W 
Va 


17-18 AFS New England Regional 
Foundry Conference. Massachusetts In- 
stitute of Technology, Cambridge, Mass. 


99.9 


22-23 National Management Associa- 
tion, Annual Meeting. Statler-Hilton Ho- 
tel, Los Angeles. 


97-31 American Society for Metals, 
National Metals Exposition & Congress. 
Public Auditorium, Cleveland 


30-3] AFS Purdue Metal Castings 
Conference. Purdue University. West La- 
iette, Ind 


l-Nov l AFS N wthwest Re gional 
Foundry Conference. Multnomah Hotel, 
Portland, Ore 


NOVEMBER 


10-12 Stee Founders’ Society of 
America, 13th Technical & Operating 
Conference. Carter Hotel, Cleveland. 


20-21 National Foundry Association, 
Annual Meeting. Drake Hotel. Chicago 


DECEMBER 


3-5 . American Institute of Mining, 
Metallurgi al & Petroleum Engineers, 
Electric Furnace Steel Conference. Stat- 
ler Hotel, Detroit. 


9 .. Material Handling Institute, Annual 
\Meeting. New York. 


New Wear-Resistant Iron 
Uses Aluminum Addition 


@ A new family of cast iron alloy 
promises to provide an engineering 
material with unusual wear-resistance. 
The Meehanite Metal Corp., New 
Rochelle, N. Y., developed the alloys 
which depend on aluminum and man- 
ganese to harden the iron to high 
levels. 

The addition of aluminum produces 
a new material, “Almanite,” said to 
maintain the advantage of hardness 
without detriment to toughness. The 
microstructure shows a eutectic car- 
bide network in a_ pearlitic-bainite 
matrix. In certain types of the mate- 
rial chromium is also used as an addi- 
tional alloying element, which the 
manufacturer claims provides glass- 
hard carbides of exceptional wear- 
resistant ability. 

Two major classes are being pro- 
duced. Typical properties for one 
class are: 


Continued on page 2 
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Cross section of motor over castti? 


I hows how tron must 
fill both fins and center hub to so 


ijfustor proo em. 





J / 
VAL wm 
Laytham casts complex 


thick-and-thin motor housings 
with HANNA PIG IRON 








Electric motor housings today are a large volume item produced by 
Laytham Foundry, Inc., Paterson, New Jersey. 


When the National Electrical Manufacturers Association raised 
motor ratings, it presented Laytham with a challenge—and a new 
business opportunity. Where many former housings were made of 
pressed steel in welded sections, the need for greater heat diffusion 
would favor cast iron, providing the proper combination of thick and 
thin elements could be achieved. 


Laytham did it. Now they regularly produce motor frame castings 
with a wide variation in section thickness from thin fins to heavy 
center hubs. Such castings require iron with a high degree of fluidity. 
It must also shrink evenly and be free of porosity. Hanna Malleable 
pig iron filled the bill perfectly. 


Hanna has a grade of high-quality pig iron to meet your requirements, 
too. All regular grades, plus HannaTite and Hanna Silvery, are 
available in 38-pound pigs and the smaller HannaTen ingots. For pig 
iron that will help solve your metallurgical problems, call on one of 
Hanna’s trained representatives. 


THE HANNA FURNACE CORPORATION 


Buffalo « Detroit *« New York «+ Philadelphia 
Merchant Pig Iron Division of 


NATIONAL STEEL aly CORPORATION 











i 
‘an 





Circle No. 242, Page 7-8 
July 1958 - J 





SAVED 


MEN... 
COKE... 
METAL... 
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=e , 
- = EE 
% Savings effected at Campbel! 4 


Hausfeld Company, Harrison, Obie ~ 


uw 
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Ask for 
catalog 147-C. 


REPRESENTATIVES IN ALL PRINCIPAL 
CITIES OF THE WORLD 


A good start on foundry mechanization — and lowered tonnage 
costs — frequently involves the removal of an obsolete elevator 
and the installation of pit, scale and skip charger. 


Automatic cycling, between pit and cupola, saves the time 
that otherwise is wasted in traveling up and down. While one 
charge is on its way up another charge is made up. Time is 
made available, too, for over-all, more accurate metallurgical 
control. Coke costs come down. Quality of the castings goes up. 
Sales increase and the cycle repeats. 


As a good starting place in your own, cost-cutting and sales 
building program ask for charger catalog 147-C. The catalog 
shows a size and type of charger for every foundry need. 


MODERN EQUIPMENT CO., Dept. M-1, Port Washington, Wis. 


[) Catalog 147-C on charging and melting... 
[) Catalog 150 on cranes and monorail systems... 
[) Catalog P-152-A on ladles and pouring... 


COMPANY 

STREET ; . ibjachidcin ee 
city 

MY NAME 


Wear-Resistant Iron 
Continued from page 1 


Brinell Hardness—555 
Impact Strength, 1.2-in. bar 


lransverse strength, 1.2 
centel! {S00 psi 
m 1.2-in. bar r 120 
lb 
Officials state that the material can 
be produced to be fully machinable 
and, when heat-treated. to offe1 mag- 
netic properties. Experiments are now 
being conducted to determine the full 
characteristics ! ew material 
@ For more i tbo level 
opment, circle N , S 
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modern castings 


COMING 
ATTRACTION: 


2d Engineered 
Castings Show 


2] Yes, already it’s time to start thinking and planning for 
the 2d Engineered Castings Show combined with the 63d 
Castings Congress in Chicago, April 13-17, 1959. Once again 
metalcasting producers will stage an exhibit to demonstrate 
their capabilities to design engineers and castings buyers 


features 


Saving Capital ............ Wm. R. Heins 





Saving Lives .Carter DeLaittre 


[eS ere eee 
ee Dy Mis FE Ok ate eiareass 24 


Saving Time 


Saving Space 


Saving Through Training ...Paul Foght ................ 26 
32 Final Report on 62d Castings Congress... .. Be rae hers .. 28 Present indications are that close to 200 alert foundries 
> Ep 195 Ee 30 and pattern shops will occupy 25,000 sq ft of exhibit area 
Cov in the Sherman Hotel. These companies will prove the abil- 
a F 4 Investigations on the Effect of Heat on the Bonding Properties of ity of the versatile casting processes to solve the problems of 
Various Bentonites / Franz Hofmann ...........-. design engineers and supply the buying needs in all indus- 
Gating and Risering Shell-Mold Pattern Equipment / D. C. Kidney. . 38 tries. 


Sodium Silicates for the COe Process / E. A. Lange and R. E. Morey 41 dia ; a 
There will be on exhibit castings of every material—gray 
Noise Induced Hearing Loss E. bh. Walsh, fa ere . ieee ae 


Foundry Applications of the Calcium Carbide Injection Process 


° ° . ? 
iron, ductile iron, malleable iron, steel, aluminum, magnesi- 
um, brass, bronze, titanium and zinc: and made by every 








we Be ees a a Se nis ee kk EA we wb RRO RH A 53 process—green sand, core sand, shell mold, COs mold per 
Performance of Chills on High Strenath Memsesiam Alloy Send manent mold, die-cast, investment, plaster, centrifugal and 
Castings of Various Section Thicknesses / M. C. Flemings, vacuum Cast. 
R. W. Strachan, E. J. Poirior and H. F. Taylor . 62 
Some Factors Affecting the Toughness of Mild Steel Castings Concurrent with the Show will be the 63d Castings Con- 
oe Stitt A Ge. — 70 gress with a technical program of more than 100 papers 
. presented in 41 sessions, five shop courses and seven round 
Ladle Heating in the Foundry / R. B. Renda and Wm. M. Zeunik...... 75 table luncheons. A substantial number of papers will be of 
\ Casting Technology for Reactive Metals / F. W. Woods, S. L. Ausmus mutual interest to both casting users and producers Each 
and E. D. Calvert eee e cece ences cet eseeees 80 of the seven AFS Technical Divisions will contribute to the 
Gas Pressure in Green Sand Mold / O. T. Marek and C. B. Ward _. 88 preparation of a large informative casting exhibit. Each Di- 
vision will also sponsor a 
departments r session on casting design, 
FOR FOUNDRIES IN 59... applications engineering, 
124 Advertisers and Their Agencies 115 Foundry Trade News or purchasing 
a AFS News sncicie Poont td a ee Potential exhibitors will 
102 Chapter Meetings ™ - Heals saree receive applications in Sep- 
123 Classified Advertising a Ciiiciiins tember giving all the neces- 
17 Editor’s Field Report 6 eens —— sary details for entering the 
119 For The Asking 14 Product Reports © , ut Show. rhe — of the 
Ist Show in Cincinnati in 
117 Foundry Facts Notebook 114 SHAPe / H. J. Weber ag CHICAGO, APRIL 15 1957 has encouraged many 
: more foundries to plan to 
featurettes use this new medium to 
l New Wear-Resistant Iron Uses Aluminum Addition § promote the use of castings, 
{ Problem Casting Combines Processes to influence the thinking of 
s() Experiences with a Water-Cooled Cupola at Tyler Pipe designers and to direct the 
attention of casting buyers 
123 Indian Foundrymen Told to Improve Technical Training to their metaleasting “know- 
123 Millions Hear About AFS Foundry Show Over Radio how 


Inside Back Cover International Foundry Conference to Feature Service 
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. geared for transportation 
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the only 


COMPLETE 


power-shift 
transmission 


This new PAYLOADE Ke has more 


hustle than you've ever seen in a tractor-shovel. It’s got every- 
thing to turn out big production all day long with the least 
operator effort and is the only machine in its class with com plete 
having two speed ranges forward and . ‘Ar : ; 
power-shift transmission and power-steer. The carry capacity 
of 2,500 Ibs. is 25% greater than has ever before been available 
in a tractor-shovel of its size and maneuverability, yet it easily 


two in reverse — the low range for digging 
power and close maneuvering—the high range 


for fast, economical travel in either direction. 


goes in and out of boxcars with narrow 6-foot doors. 
All shifting, forward or reverse, is an instant 


Another valuable and exclusive feature is the power-transfer 
differential that makes traction more effective and reliable at 
all times because the wheel with the better grip automatically 
gets the most power. 


finger-tip action with no need to stop between 
range shifts. The torque-converter is carefully 
matched with the transmission and is the more 
costly and more efficient two-phase type that 


automatically becomes a thrifty fluid drive The H-25 is full of other plus features that mean more pro- 


duction, less maintenance and longer life: closed hydraulic 
system, wet-sleeve overhead valve engine, triple air cleaners, 
full-shift fuel capacity, 4,500 lbs. of bucket breakout force and 
40° bucket tip-back, to mention only a few. 


when torque multiplication is not needed. Trans- 
mission and converter also keep comfortably 


cool because their oil is radiator-cooled. 


Your Hough Distributor wants to show you how the greater 
capacity, speed and handling ease of the H-25 can cut your 
bulk-handling costs. Ask him about Hough Purchase and Lease 
Plans too. 


THE FRANK G. HOUGH CO. 


711 Sunnyside Ave., Libertyville, Il! 


Send full data on the H-25 PAYLOADER. 





Modern Materials Handling Equipment 


THE FRANK G. HOUGH CO. KA 


LIBERTYVILLE, ILLINOIS 
SUBSIDIARY INTERNATIONAL HARVESTER COMPANY 


Problem Casting .. 


@ The “problem casting” dilemma 
can often be solved by using the 
best features of more than one cast- 
ing process. This approach was re- 


to cast- 


cently applied successfully 
ing the main body of an after-burner 
fuel ignitor valve component by 
Foundry Products Div., Cooper Al- 
loy Corp., Hillside, N. J 

Early efforts to produce this cast- 
ing, both by Cooper Alloy and othet 
foundries attempting it, had met with 





little success. Part of the problem lay 
in need for at ugh, heat-resistant tool 
steel casting that could withstand ele- 
vated temperatures Also the casting 
had to be Haw-free under x-ray. zvglo 
and magnaflux inspection. Cooper Al- 
loy 15A, a stainless steel pi ved a 
good choice 

Because of its complex shape, the 
part had to be cast to close toler- 


ances. Early attempts to machine 





such off-center castings had always 
proven expensive. Chucking the ir- 
regular piece is in itself a difficult 
and time-consuming job. 

Core molds were originally speci- 
fied, but odd-shaped pattern required 
could not be made with straight-line 
parting. Rejection rate was high— 
shifting or crushing of cores within 
mold was one contributing factor; in- 
exact core fitting another. 

Laboratory experiments proved the 
method of making castings in shell 
molds using shell cores to be sound. 
The firm, smooth and true surface 
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Combines Processes 


CONVENTION SYMBOL 
OF A SEARCHING MIND 


of both shells and cores assured close 





core alignment and a smooth « isting 
surface requiring less finishing 

A shell mold pattern was laid out 
so that cores were eliminated in the 
cope section simplifying setting of 
cores in the assembly. Metal run out 
was the next problem. Green sand 
backing to prevent run out resulted 
in dimensionally unstable castings be 
cause of mold deflection. 

The problem Was solved by ram- 
ming sodium silicate bonded sand 
into a flask around shell molds and 
gassing with COs. The rigid backing 
completely prevented mold deflec 

f tion. The operation required only a 

y COs gas cylinder with a specially 
designed fork shaped gassing unit at 
tached to it 

The bulky « isting required a large 
head, resulting in low vield per heat. 

Hats Orr to the vast crowd who searched the 62nd 


Castings Congress for ways to produc e better castings! 
We are hopeful that those who visited the ADM-FEpERAI 
display took away more than the jaunty Archer cap 
you see in evidence on this page. The cap was only 
a festive way of expressing the more serious thought, 
“aiming toward better castings “i 


Riser efficiency was greatly improved 


wr 


The array of new products seen in the ADM-FEpeErAI 
booth is the means to that end. As an example, hundreds 
of visitors took a field trip to the ADM plant to see a 
preview demonstration of ApMIREz GS-300, a revolu 
tionary gas-setting binder promising unheard-of speed, 
accuracy, and economy. Lin-O-Ser A-200, an entirely 
new air-setting binder, was successfully kicked off at 
the convention. Three new refractory washes for use on 
shell, COz:, air-set, or oil bonded cores were introduced 
ZIRCON WASH #973, CERAMIC WASH #974, and 
Sit-Pvast #995 





by surrounding it with an exother- 
mic insert—a tube-like device called 





a “hot-sleeve.” This insert permitted 
smaller amount of head or feed metal 
to remain molten longer enabling 
Cooper Alloy engineers to increase 
vield per 1550-lb heat from 42 cast- 


We trust that the intense interest shown in these products 
is evidence to all searching minds that the Archer offers 
practical answers to faster core and mold production 
at lower cost. Check your interests on this coupon and 
mail it to Archer-Daniels-Midland 


ings to 70 ' 
And remember, all Archer trademarked supplies are 


By combining the use of shell ’ 
sold with service! 


molds and cores, the COs process 
















and the use of a “hot sleeve,” Coop- om Ge a am a am a oe am oe om ow om oe oe we we eee 7 
er Alloy reduced the reject rate Archer Banie'ls Midiand company 
for this casting (9-50 per cent. FEDERAL FOUNDRY SUPPLY DIVISION | 
The smooth surface produced by 2191 West 110th Street + Cleveland 2, Onio 
b | . 
shell molds and cores resulted in less I'm interested in more detai/s about | 
fining. ( leaning room time was cut ADMIREZ GS-30 1 ADCOSII CROWN HILL | 
from 45 to 15 min per piece. “Hot Gas-Setting CO: Bind 4 Sea Coa 
”» - . ° Foundry Resin 
sleeves” increased the casting vield stony no aan : cai amen iain | 
core and “hot sleeve” assemblies can + New Air-Setting om | Facing Compound | 
P Binder 

be made in advance and stock-piled, ony cee anants — seen | 
‘anhaoee ( ADM-FEDERAL (] GREEN BONI OF | 

rush-order deliveries were met with- Core & Mold Washes Bentonite Parting Compounds 
out difficulty. Over 6000 castings a Bios i ll aad | ADM-FEDERAL ; 

‘ > » — 1 Se — ' s rlies 
have been made from one set of Sil-Plast No. 94 and Sta Foundry Suppli 
equipment. | 
Name - . . - = " —E 
Company :— . . - | 
| 
» Address: —__—— ——EE | 

i . 245, 7-8 * + 
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The Secret of 
Cleaner Iron 


, is HERE! 


Tts Famous 


CORNELL 


CUPOLA FLUX 


“often imitated but never equalled” 


Ar ou 
rSORNEL:.S 








Tee CLEVELAND FLUX Gunfauy 


1026-40 MAIN AVENUE, N.W. « CLEVELAND 13, OHIO 


Manufacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 
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Build an idea file for plant improvements. 


The post-free cards on page 7-8 





INDUCTION MELTING ... through 
simple unit for converting frequency. 
Unit is a static-frequency multiplier, 
taking, for example, 3-phase power 


at 60 cycles directly from ordinary 


supply line and delivering  single- 
phase power to furnace through con- 
ventional lines. Output may be varied 
continuously, and under load, between 








zero and maximum. Company claims 
furnace power supply cost is two- 
thirds to three-quarters that of con- 
ventional motor-generator type equip- 
ment. Lower maintenance cost as 
there are no moving parts. Operation 
said to be almost automatic and easy 
for inexperienced operator use. Ajax 
Electrothermi¢ Corp 


For Manvutacturer’s information 
Circle No. 281, Page 7-8 


RESONANCE BONDING .. . of 
mold and core sands hardens sand 
without use of heat, ovens or gassing 
equipment. Manufacturer claims set- 
ting and hardening time can be adjust- 
ed to suit individual needs by means of 
“delayed chemical action,” and that 
materials and principles of new proc- 
ess reduce hardening time of shell 
molds while increasing their size; wa- 
ter toleration also is increased. Process 
will increase size and reduce cost of 


will bring more information on these new .. . 


products 
and processes 


investment castings, and will result 
in use of finer sands and reduced 
permeability for all molding methods. 
Coldhard-HiUtek Div., United States 
Trading and Service Corp. 
For Manufacturer's information 
Circle No. 282, Page 7-8 


MATERIALS HANDLING LEAS- 
ING ... plan gives opportunity to 
modernize materials handling, ship- 
ping and storage without large invest- 
ment. Company offers steel wire 
containers and pallets for rental of 
three to five years with option to buy 
at the end of the rental period. Rents 
paid on monthly basis. Tri-State En- 
gineering Co 


For Manufacturer's information 
Circle No. 283, Page 7-8 


HOLLOW-CORE MACHINE 

single station, fully automatic or man- 
ually operated. Said to be ideal for 
fast, economical, production of wide 
variety of hollow cores and_ shell 
molds, especially when mixed types 
and sizes are blown simultaneousl\ 
According to manufacturer, one at- 
tendant can operate a line of fully- 
automatic machines or two manually- 





operated units. Unit is designed to 
permit easy unloading without reach- 
ing or stretching. Accommodates cor 
boxes from 3-9 in. thick, 1-16. deep 
and 5-21 in. high. Up to 30 Ib on 
solid core can be blown. Spo, Inc 


For Manufacturer's information 
Circle No. 284, Page 7-8 


ALUMINUM ALLOY claimed 
to provide castings high strength and 
ductility with resistance to industrial 
and marine atmospheres. Developed 
to fill need for alloy not requiring 
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Of course, every thinking foundryman 
knows the value of MODERN CASTINGS. 
Subscribe Now — BEFORE you leave! 
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Get Away From It All! 














A Sizzling pan 

full of fish — a tall, cool drink or 

a pot full of good coffee — a cool place 
in which to stretch out — and just relax. 
Man, you'll have it made! 

But you'll “keep cool” all year long if 
you turn to MODERN CASTINGS for the 
latest in metalcasting technology. 

Fill out this 

Subscription Card, 

and mail it today. 





so — away we GO... 


Vacation time is here! 

Whether it’s tennis, golf or 

birdwatching — whatever 

you do — you'll have more fun doing it 

if you forget your problems. 

Bolster up your problem-solving 

Idea File! 

Circle these letters and numbers for the latest 
information about 

technology and equipment; and . . . 


(have a good time!) 













special quenching techniques to im- 
part high tensile strength. Recom- 
mended for aircraft structural cast- 
Ings; construction Or mechanical 
equipment subject to impact loads; 
and equipment for dairy, food and 
chemical industries. Aluminum Co. of 
America. 


For Manufacturer's information 
Circle No. 285, Page 7-8 


EPOXY MOLDING . . . compound 
reportedly offers for the first time 
high strength coupled with exception- 
al conformability. Users report aver- 
age flexural strength of 100,000 psi, 
average tensile strength of 40,00 psi 
and average compressive strength of 
38,000 psi at normal temperatures. 
Supplied in dry form and adaptable 
to either compression or transfer mold- 
ing processes. Glass content, 66 per 
cent; resin content, 34 per cent. Man- 
ufacturer states that once molded, the 
material offers the good dimensional 
stability characteristic of epoxy resins. 
Minnesota Mining and Mfg. Co. 


For Manufacturer's Information 
Circle No. 286, Page 7-8 


SALT TABLETS .. . with vitamins 
Bi, Be and C added, when used in 
iumounts recommended are said _ to 
re place necessary salt in the body and 
to give minimum adult requirements 
the three vitamins. Manufacturer 
reports employees using this product 
will feel better, work better and will 
have more resistance to heat fatigue. 
United States Safety Service Co. 


For Manufacturer's Information 
Circle No. 287, Page 7-8 


HIGH TEMPERATURE ALLOY... 
designed for castings which are to 
be used at temperatures up to 2000 
F. Manufacturer states alloy is su- 
perior in thermal fatigue, resistance 
to creep, and surface stability either 
in oxidizing or low oxygen pressure 
atmospheres. Recommended for fur- 
nace travs, shafts, mill guides, radiant 
tubes and other heat resistant cast- 
ings. Blaw-Knox Co. 


For Manufacturer's Information 
Circle No. 288, Page 7-8 


STEEL GLOVES .. . Four ply stain- 
less steel mesh is sewn to cotton flan- 
nel base. Manufacturer reports gloves 
provide easy flexing with maximum 
protection against sharp or abrasive 
objects. May be worn as produced or 
can be used as liner under any other 
work glove. Available in gauntlet 
style with full coverage or breathing 
backs with palm and finger coverage 
only. Surety Rubber Co. 


For Manufacturer's Information 
Circle No. 289, Page 7-8 


METAL FILLED EPOXY .. . resins 
designed to make strong castings with 
properties similar to metal castings, 
make molds for short-run use and for 


VOLGLAY BENTONITE 


vecceceeee NEWSLETTER No. 9 c:---0ee- 


REPORTING NEWS AND DEVELOPMENTS IN THE FOUNDRY USE OF BENTONITE 


SCABBING 


The chief source of expansion scabs, is high sand ex- 





pansion combined with high hot strength 


The expansion scab is the breaking away of a portion 





or slab of the molding sand when hot meta! enters the 





mold. The broken away portion of the sand adheres to 


the metal or is absorbed into it 








Uneven ramming and a high moid hardness can lead 





foundries into this difficulty if no protection is added 


in the sand mixture 


Cellflo, a grain cellulose material, and Five Star Wood 
Flour, a cellulose hard wood fibre, insure against 


scabs when added to a sand mixture 


Newsletter No. 38 Is Also Available On This Subject. 


WRITE FOR FURTHER DATA AND SAMPLES THROUGH YOUR FAVORITE DEALER. 


AMERICAN COLLOID COMPANY 


SKOKIE, ILLINOIS « PRODUCERS OF VOLCLAY AND PANTHER CREEK BENTONITE 
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filling voids and plugging holes in 
metal structures, wood, plastics. Two- 
component material cures at room 
temperature and is said to have ex- 
cellent machining properties. Sets in 
four hr at 70 F and in one hr at 120 
F. American Latex Products Corp. 


For Manufacturer's information 
Circle No. 290, Page 7-8 


RADIUS CHILLS... with angled | 
prongs designed to hold chill tightly 


in rammed-up core. Prong holes can 
be used in conjunction with core box 





vents. Said to eliminate use of nails, 
resulting in labor and material sav- 


ings. W. L. Jenkins Co. 


For Manufacturer's Information 
Circle No. 291, Page 7-8 


SOUND PROTECTED .. . welding 
helmet features ear domes. said to 
effectively protect against high and 
low frequency noises. Designed to 
protect welders who work where 






ABC Coke Plant, Tarrant, Ala. 
* e 
—a strictly independent 


Merchant Coke Producer 


Since ABC was formed in 1920, it has maintained its 
position as a strictly independent merchant coke producer, with no blast 
furnace or other affiliations having first call on its production. 

That is one reason why customers of ABC have always found it a 
dependable source of supply under all conditions of the market. 

ABC’s capacity of some 875,000 tons of coke per year from 203 
modern Koppers and Becker type ovens enables it to fill orders promptly 
without ever sacrificing the high quality standards that ABC has always 
upheld. 

ABC maintains at all times a minimum of 60 days’ reserve stocks of 





és , there is exceptional noise. Ear domes 
all TIM coal at its large ovens to insure uninterrupted service. swivel to fit any shape head. Unit 
-_ ABC Foundry Coke is produced in two distinct types — standard claimed to be effective even when 


You can depend on your 
source of supply for 


ABC QUALITY COKE! 


and malleable — in sizes to meet the most exacting requirements of any nok wohl pen eee oo 
: r : oat — > e Pe s tire unit fre 

: atica. Your i . y eplaceable ear puffs. En 
foundry operatic? r inquiries are invited and rust-proof. American Optical Co. 


For Manufacturer's Information 
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REPEATING AIR HAMMER 
employs versatility in foundry appli- 
cations such as trimming gates from 
castings, parts assembly, chipping, riv- 
eting, impression marking and others. 
Hammer repeats at from 1000-2500 
times per min, operated by foot pedal. 


Circle No. 248, Page 7-8 
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At 20 lb pressure, hammer has gen 
tle motion, useful for delicate work; 
at 100 lb pressure, it rivets 5/8-in. 
diameter in mild steel. Heidrich- 
\ mrse Co 


For Manufacturer's Information 
Circle No. 294, Page 7-8 


BOTTOM DISCHARGE .. . crane 
ladles for pouring large quantities of 
slag tree metal. Features geared dis- 
charge me chanism engineered to min- 
imize ladle space requirements and 
promote safety. Provides 18 lever 
positions for adjusting operating lever 
to proper pouring height. Available 
in four models, 10,000-40,000-Ib ca- 
pacities. Industrial Equipment Co. 


For Manufacturer's Information 
Circle No. 295, Page 7-8 


PORTABLE MELTING FURNACE 

claimed to eliminate coasting- 
over as lining stores no heat. Uses 
3-5 gal of oil per hour of melting; 
holds metal at correct pouring tem- 
perature; and needs no outside flue. 
Capacity 150-300 lb. Industrial Scale 


& Equipment Co 


For Manufacturer's information 
Circle No. 296, Page 7-8 


SHELL MOLD .. . release agent 
eliminates sticking, break-in, build-up 
and cleaning of shell mold patterns 
and core boxes. Applied by spray 
or brush, coating tested to withstand 
temperatures over 1000 F. Smoke- 
less, non-toxic and inert, material said 
to be an effective high temperature 
lubricant. Chem-Cote Co 


For Manufacturer's Information 
Circle No. 297, Page 7-8 


BRASS AND BRONZE .. . ingots 
produced by process featuring bottom 
pouring in a controlled atmosphere of 
drv nitrogen gas. Manufacturer claims 
procedure controls oxidation and hy- 
drogen pick-up from atmospheric hu- 
midity. I. Schumann and Co. 


For Manufacturer's Information 
Circle No. 298. Page 7-8 


FERROUS CLEANING .. . material, 
removal of light films of oil, shop 
dirt, paint and rust deposits from 
ferrous metal parts. Mixture contains 
strong alkalies, corrosion solubilizing 
compound and a wetting agent. Prod- 
uct releases no corrosive fumes. Mag- 


nus Chemical Co 


For Manufacturer's Information 
Circle No. 299, Page 7-8 


REFRACTORY LINING ANCHOR 

. system designed to increase life 
of plastic and castable refractories 
used in soaking pit covers and heat- 
ing furnace roofs. Flexible system 
supports each refractory tile in cradle, 
giving ball and socket action tending 
to reduce tile breakage occurring with 
other types of suspension, company 
officials state. Features said to include: 
reduced cost per sq ft of suspension; 








NOW FLEX/IBLO HAS A PARTNER 


IT’S THE 


FLEXIGAS 


In 7 Sizes For Low-Cost CO, Curing of Mo/ds and Cores 


Each size Flexigas completely 

adjustable to any mold or core 

within its range. Fully automatic 
operation —push- 
button control. 


Each Flexigas is compact and 
rugged —built to operate with 


Use individually or in complete minimum maintenance. 
Flexiblo-Flexigas units. 


Economical operation—uses 
just the right amount of CO,— 
no more, no less. High quality 


and uniformity are assured with 
minimum cost operation. 


A complete range of Flexigas 
units to handle any size mold 
or core to 400 Ibs. 


SEVEN FLEXIBLO-FLEXIGAS UNITS— 
CAPACITIES TO 400 LBS. 


cBs 

cB10 
cB12 
cBis 
cas 
CB20 
CB30 


FLEXIBLO-FLEXIGAS 
FLEXIBLO-FLEXIGAS 
FLEXIBLO-FLEXIGAS 
FLEXIBLO-FLEXIGAS 
FLEXIBLO-FLEXIGAS 
FLEXIBLO-FLEXIGAS 
FLEXIBLO-FLEXIGAS 





4% lbs. 
20 Ibs. 
30 Ibs. 
70 Ibs. 
125 Ibs. 
125 Ibs. 

400 Ibs. 






CB5 
FLEXIGAS 


HIT OF THE CLEVELAND FOUNDRY SHOW 


BEARDSLEY & PIPER 


Note: Flexiblo-Flexigas units, except the CB5, 
are cvoilable os blow-squeeze-ges units. _ Division Pettibone Mulliken Corp., 2424 N, Cicero Avenue, Chicago 39, Illino’ 
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Economic Production With RC] FOUNDREZ Resins In 
THE SHELL MOLD STORY OF THE YEAR 


You see here one of the largest shell mold castings now in 
mass production. It’s the Edsel crankshaft. And an RCI 
phenol formaldehyde FounpREz resin is used extensively 
to produce the shell molds. 

Edsel production engineers have found many advan- 
tages in use of the shell mold process for this important 
casting. For example, the shell molds reproduce patterns 
more exactly. They are portable and use less sand. Cast- 
ings have closer dimensional tolerance, require less ma- 
chining. In general, foundry efficiency, flexibility and pro- 
duction rate are increased. 

There are also good reasons why Edsel uses RCI 
FOUNDREZ resins. For one thing, continuity and quality 
control in resin manufacture are assured because RCI is 
a basic producer of both phenol and formaldehyde. In 
addition, 35 years of wide experience in synthetic resin 
manufacture is concentrated in RCI’s Detroit plant, where 
these FounpREz materials are produced. 


12 + modern castings 





If you have a foundry job where shell molding may offer 
advantages, write the RCI Foundry Division for full in- 
formation on FOUNDREZ resins. 


REICHHOLD 


FOUNDRY PRODUCTS 


FOUNDREZ — Synthetic Resin Binders 
coRCiment— Core Oils 
COROVIT — Self-curing Binders 


Creative Chemistry ... Your Partner in Progress 


REICHHOLD CHEMICALS, INC., 
RCI BUILDING, WHITE PLAINS, N.Y. 
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cradle is stronger than a casting; on 
reline jobs the refractory anchor is 
the only replacement needed; anchors 
move in any direction; tile shaped to 
withstand rugged handling and no 
grooves to weaken the tile. Refract- 
ories Div., H. K. Porter Co. 


For Manufacturer's Information 
Circle No. 300, Page 7-8 


CORE BOX TRACK . designed 
to transport core boxes, 9x9 in., 
weighing up to 10,000 lb on double- 
wheeled dollies riding on twin rails. 
Track is said to be easily adapted 
for carrying extra large or very heavy 
loads by using fabricated metal pal- 
lets or carriers. Nomad Equipment 
Div., Westover Corp. 
For Manufacturer's Information 
Circle No. 301, Page 7-8 


PRECISION GAUGE .. . for meas- 
urement of thickness of castings, pipe 
walls, grooves, lumber, etc. Made in 
Germany, caliper gauge gives rapid, 
accurate measurements requiring the 





= 
use of only one hand; the other free 
to hold test specimen. Four different 
shapes of contact points available for 
various measurements. Gauges made 
to meet special requirements. Bemax 
Import-Export Co. 


For Manufacturer's information 
Circie No. 302, Page 7-8 


HEAT - RESISTANT FACE VISOR 
. . . for research personnel and others 
who must observe molten metal or 
extremely hot objects; said to permit 
facing radiant heat above 2000 F 
without discomfort. Shatterproof visor 
effectively reflects 95 per cent of the 
infra-red rays. Manufacturer states 
that visibility is high and temperature 
between face and visor remains at 
approximately 80 F. New York Air 
Brake Co. 


For Manufacturer's information 
Circle No. 303, Page 7-8 


SAND SLINGER CUPS .. . stated 
by officials to combine optimum high 
wear resistance with toughness, out- 
wearing mild steel cups by three-to- 
one ratio in all sand conditions. Lat- 


robe Steel Co. 


Circle No. 304, Page 7-8 
For Manufacturer's Information 


BENTONITE TESTING .. . sets for 
Liquid Limit testing of western ben- 


tonite used as binder in core and 
mold sand or in preparation of core 

















washes in foundries. Test 
involves a few pieces of basic labora- 
tory equipment. Set includes high- 
speed mixer, testing cup, and scrib- 
ing tool used to groove the sample. 
Soiltest, Inc. 


For Manufacturer's Information 
Circle No. 305, Page 7-8 


and mold 


METAL CRUSHER for heavy 


duty reduction of scrap, castings, ete., 





at a rate of 20-40 tons per hr. Can 
result in substantial savings in storage. 
American Pulverizer Co. 


For Manufacturer's Information 
Circle No. 306, Page 7-8 


CLEANING ABRASIVE ... is said 
to provide improved cleaning quality, 
faster cleaning speeds and lower costs 
because of the narrow hardness 
range, extreme uniformity, density and 
toughness. Abrasive shotted by new 
vacuum cast process which officials 
state provides greater density and 
eliminates discontinuities. All S.A.E. 


sizes available. Pangborn Corp. 


For Manufacturer's Information 
Circle No. 307, Page 7-8 


RADIANT ROOF PANELS 

ready for installation in aluminum 
melting furnaces are reported to fa- 
cilitate economic rebuilding of fur- 
naces and to offer increased heating 
efficiency for die casting, sand casting 
and permanent mold casting of alum- 
inum. Panels consist of radiant cup 
type burners mounted in one-piece 
refractory tile casting, permit great 
reduction in furnace wall space, cut- 
ting heat loss. J. A. Kozma Co. 


For Manufacturer's Information 
Circle No. 308, Page 7-8 


HIGH-SPEED X-RAY FILM ... for 
industrial use has approximately 50 
per cent more speed than company’s 
fastest industrial x-ray film presently 
available. Officials state the film will 
prove valuable in cutting exposure 
time in radiographic inspection of 
thick sections of large castings with- 
out sacrificing radiographic sensitiv- 
ity. Eastman Kodak Co. 


For Manufacturer's Information 
Circle No. 309, Page 7-8 
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Sess foundries employing aluminum deoxidation 

obtain improved properties by making a supplementary 
addition of calcium-silicon or calcium-manganese-silicon 
to the ladle. These calcium alloys help obtain consistently 
good ductility in the tensile test. Many foundries also report 
improved fluidity with the calcium additions. Generally 

3 to 5 lbs. of alloy per ton insure effective treatment. 


ELECTRO METALLURGICAL COMPANY, Division of Union 
Carbide Corporation, 30 East 42nd St., New York 17, N. Y. 


The terms “Electromet” and “Union Carbide” 


are registered trade-marks of Union Carbide Corporation. 


Contact your 
ELECTROMET 
representative 
for further 
information 

on getting 
improved ductility 
with 

calcium alloys. 


slectromet 


FERRO-ALLOYS AND METALS 





42% Nickel plus good casting makes 
these casings strong and tough at-—185°F 


Here's how the foundry solved a low 
temperature problem: 

This Carrier #350 Compressor is 
designed for producing ethylene by 
low temperature (—185°F) high pres- 
sure (600 psi) fractionation. 

Under these conditions ordinary 
cast steel is brittle and could easily 
fracture. Could the foundry turn out 
castings which would have high 
strength and toughness at the low 
temperatures involved? 


They could . . . this way: 
They made these three-ton com- 


pressor housing castings from 414% 
nickel alloy steel; normalized and 
water quenched them, and finally 
tempered them. Under this treat- 
ment the castings easily exceed these 
minimum mechanical properties: 


Ultimate tensile strength..70,000 psi 


Yield strength ....................40,000 psi 
Ge genannten 22% 
Reduction of area........................80% 
Charpy keyhole impact (@ —185°F) 
15 ft. Ib. 


Nickel does wonders for cast irons 


and steels destined for severe service 
. aids development of desired metal 
structure. 


Recommend Nickel Alloys Freely 


Nickel is a plentiful and versatile 
material and you can count on Inco 
Nickel’s Development and Research 
Division for information to help you 
in selecting specific materials to use 
in particular applications. 


The INTERNATIONAL NICKEL COMPANY, inc. 
67 Wall Street stk, New York5,N. Y. 


INCO NICKEL 


14 - 
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NICKEL ALLOYS PERFORM BETTER LONGER 
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Save weight 
up to 25-40 per cent with us 
of new aluminum alloy. Parts former- 
ly producible to required strength 
only by forging are now being pi 
duced by both sand and permanent 
mold methods 
Manufactured by Navan Products 
Inc., Santa Monica, Calif, Tens-50 
alloy is currently being employed to 


per- 
manent mold the high-pressure hy- 


draulic valve shown here. Triple A 


solve the problem of casting by 





Metalcraft Corp., Los Angeles, dis 
covered that a maximum burst pres 
sure of 5.600 psi could be achieved 
by conventional allovs. Specifications 
called for 7.500 psi. When Tens-30 


was poured in the same mold 





Three-part mold for large pylons uses 


seven metal cores and six sand cores 


of 10,000 psi without bursting was 
achieved. 

In this aluminum alloy, beryllium 
and sodium are used to neutralize the 
embrittling effect of iron and silicon, 
reportedly offering consistent results 


under average foundry conditions. 


For Manufacturer's information 
Circle No. 316, Page 7-8 


Saves $4000 annually 


. in mold-moving operation which 
required two men to remove the mold 
from the conveyor, place it on shake- 
out and lift the flask to the return 
conveyor. This foundry was equipped 
with an Ingersoll-Rand 2000-lb ca- 











pacity air hoist with standard trolley 
mounted on a jib crane 

lo eliminate pushing and tugging 
t 


» get the mold into position, the air 


hoist was equipped with Pendent 
Controls and an Air Motor Trolley to 
move it along the jib. The moving 
end of the jib crane was fitted with 


a 


Diagram 


similar controls. The three sets of 
Pendent Controls were grouped to- 
gether, along with push buttons to 
perate the shakeout grate 

As a result, one man now operates 
the mechanized unit, reportedly with 
greater speed and less fatigue, freeing 
the other man to operate an addi- 


tional installation 


For Manufacturer's Information 
Circle No. 317, Page 7-8 


Plastic foam resin 


material is one that many imagin- 
itive patternmakers and foundrymen 
should find new uses for in their 
shops. Using fiberglass molds, Chance 
Vought Aircraft, Inc., Dallas, Texas, 
is turning out small wind tunnel 
models of Devcon “B” plastic foam, 
manufactured by Devcon Corp., Dan- 
vers, Mass. 

Instead of making models by hand 
out of balsa wood or constructing them 
of fiberglass with balsa wood bulk- 
heads, foam-plastic method was adopt- 
ed because it produced a light, strong 
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model at lower cost 

Mold is lined with a layer of fiber 
glass before the liquid resin and cata- 
lyst are poured into it. A chemical 


reaction expanded the small quantity 
of waxy liquid until it fills the mold 
tightly welding itself to the fiberglass 


which forms a smooth outer skin 


For Manufacturer’s Information 
Circle No. 318, Page 7-8 


Saves sampling time 


. of heats at Wolverine Tube, 
Div. Calumet & Hecla, Inc., Decatu: 
Ala., through use of a shop-made 
revolving table on a Rockwell-Delta 
drill press, a product of Rockwell 
Mfg. Co., Pittsburgh, Pa 

The revolving table holds a vice 
in which a metal sample, removed 
from furnace, is clamped. The lab 
technician drills the sample and 
dumps the shavings and sample into 


a pan by rotating the table 180 de- 
grees, rapidly clearing the table and 
vice. The table also turns on the 
column so that the piece may be 
quickly positioned under the spindle. 

This setup rc portedly cuts at least 
one minute off waiting time, an im- 
portant saving when sampling 134 
heats per day. 

For Manufacturer's Information 
Circle No. 319, Page 7-8 
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@ In Europe molten baths of Al-10% Si alloy are being substituted for lead 
baths and salt baths as heat treating media for steel. The aluminum baths 
have been used successfully for tempering steel castings at 1000-1300 F 
and as a heating medium prior to quenching. The advantages are readily 
apparent. Aluminum is much lighter than lead and consequently consider- 
ably cheaper for the same volume bath. Also a sturdier structure is needed 
to support heavy lead baths. No toxic fumes are given off from aluminun. 
compare this with fuming hot salts or lethal lead vapors. Expensive alloys 
are needed to resist the corrosive attack of molten salt baths. With malle- 
able iron producers eyeing the advantages of salt bath annealing they 
might also check into the possibilities of using aluminum baths to speed 
their heat treatments. 


























@ One of the latest tricks of high speed mold production combines mold 


the editor’s field report 





blowing with COe gassing. When using Stack molding techniques this means 








that each mold forms a cope and drag. A machine of this type attracted a 

lot of attention at the AFS Show. It was capable of producing 240 cope-drag 
stack molds per hour. Next month Modern Castings will carry a story de- 
scribing how American Foundry & Machine Co. built their own CO» stack mold- 





ing equipment and what they are doing with it. 


@ While on the subject of molding and the AFS show several other machines 
deserve mention. One manufacturer makes green sand cope and drag on op- 
posite sides of matchplate simultaneously. The mold halves are drawn 

away from plate; plate is swung aside; mold halves are closed; ram-up 
flasks are slipped off and flaskless mold is ready for pouring. Another 
molding machine has cope and drag matchplate mounted face up alongside of 
each other on jolt table permitting both mold halves to be made simultane- 
ously. Still another machine jolts the sand around pattern and then presses 
the pattern into the sand about one inch instead of using the conventional 
Squeeze from the top surface of mold. 











@ In case you might have wondered how Modern 
Castings managed to present a bird's-eye-view of 
the AFS Show in the June issue, here's a picture 
that tells the tale. This mobile "sky-hook" was 
graciously provided by the Frank G. Hough Co., 
Libertyville, I1l., along with a skilled operator. 
With this unique means of locomotion we were able 
to make a photographic tour of the Show in record 
time. The advantages are apparent to anyone who 
has attempted to take such photos from floor level 
where people have the uncanny ability to walk in 
front of the camera every time the shutter clicks! 


















































































































THE ONE MODERN 


PLASTIC 
REFRACTORY 


for ALL your requirements! 


- « Electric Furnace Roofs 
{ or Center Sections 


e Crucible Furnaces 
e Runners 

¢ Spouts 

* Ladies (all types) 


VOR AS 
ag 


JOINTLESS CONSTRUCTION 


EASE OF INSTALLATION 


Furnished in 
* 100 Ib. Easy-to-Handle Cartons 
* Conveniently Sized 2” Slices 
e Air or Hand Ram Consistency 
. 


PIO 


General Offices, Cleveland 14, Ohio 

DISTRICT SALES OFFICES: 
New York 7, 0. ¥. 
Philadelphia 2, Pa. 
Boston 10, Mass. 


Buffalo 3 N.Y. 
Pittsburgh 22, Pa. 
Detroit 2, Mich, 
Chicago 5, Mi. 
Cincinnati 2, Ohio 
St. Louis, Mo 





Los Angeles, Calif, 
WORTH AMERICAN REFRACTORIES, LTO. 
Hamilton, Ontario 
wpe 7 
fa yi 
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HIGH ALUMINA | 


LONG-LASTING SERVICE 
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NORTH AMERICAN REFRACTORIES CO. 
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Polyethylene Envelopes for Safe Storage 




















\ 





@ “Its getting so I can rent a new 
and 
veniently than I can buy,” a com- 
pany president remarked recently. 
To some foundries, this little pleas- 


ws suit, hat coat more con- 


antry especially 


rent all 


may not 


Many of 


seem 


strange. them 


their new lathes, presses, cranes— 
in fact the full gamut of machinery 
and equipment. To other foundries 
this leasing trend may be some- 
thing new. 


modern castings 
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Leased production equipment 


can free a foundry’s working 
capital and help earn profits 


Wintuiam R. Hers | President 
United States Leasing Corp 
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The major virtue of leasing is 
that it frees working capital tor 
company 
taking of all trade discounts, for 
building balanced inventories for 
seasonal needs, for making more 
credit available to customers, for 
expanding research and develop- 
work—in short, for all the 
customary uses of working capital. 

Why lease? Leasing is no cure- 
all, no infallible solution to all the 


expansion of sales, for 


ment 





ow 60 
sy 


financing problems of business. 
Leasing has certain virtues just as 
other forms of financing have ad- 
vantages. Unlike other financing, 
however, leasing involves no dilu- 
tion of ownership or control; it 
necessitates no periodic clean up of 
funds or pledge of receivables. 
Ordinarily, only the lease rental 
payments due within one year will 
appear on the balance sheet. The 
portion due beyond one year will 








About 


$180,000,000 
worth of leased equipment 


is currently in use in indus- 
try generally. About 1-1/2 
per cent of this total is es- 
timated to be in use by the 
foundry industry—about $2,- 
700,000 

equipment 
the total 


worth of leased 
Five years ago 
amount of leased 
foundry 
$400,- 


was prac- 


equipment in the 
industry was about 
000. In 1948 it 
tically nothing. It is estimated 
that the total will double in 
the next four years (if the 
economic cycle doesn’t wob- 
much). This would 
$5,400,000 of 
leased equipment in the 
1962 
Your foundry can lease: 

Fork lift trucks 

Molding machines 


ble too 
mean about 


foundry industry by 


Conveyors 

Front end loaders 
Cupolas 

Melting furnaces 
Heat treating furnaces 
Core ovens 

Core blowers 
Cranes 

Scales 

Sand mixers 

Ladles 

Cleaning equipment 


in fact, almost anything! 











usually appear only as a footnote. 

Since the trend in foundries is 
markedly in the direction of leas- 
ing it may be of value to discuss 
how leasing works; and in dollars 
and cents see why some compa- 
nies in the foundry industry lease 
equipment. 


How To Lease 


There is nothing complicated 
about leasing. The foundry deter- 





















mines exactly what equipment is 
needed, its costs and supplier—and 
the tenure of the lease desired. 
Leases may be written on straight 
line, declining balances, sum of the 
digits, or any other schedule tail- 
ored to suit the lessee’s require- 
ments. Lease plans are arranged 
for periods ranging from one to 


ten years. Normally, renewal op- 
tions are available for extended 
periods. 

Total cost of the lease is the 
original cost of the equipment or fa- 
cility plus moderate leasing charge 
for the term of the lease. 

Leasing permits expansion or 
modernization without dependence 


RELATIVE COST 


It may cost less to lease equipment 
than to own it outright 





The answer lies in the relative 
cost figures. For example, a foundry 
takes $10,000 out of its working 
capital (or a multiple thereof) and 
uses it to acquire new equipment. 
It is obviously paying something 
for the use of that money, since 
every dollar of working capital has 
earning power. The investment of 
$10,000 in new equipment must 
return to the company at least the 
same profit which the company can 
earn with this $10,000 in other 
ways. 

How much does the _ typical 
foundry earn on working capital? 






It earns 19.29 per cent net profit 
on net working capital according 
to Dun & Bradstreet average earn- 
ings for net working capital in the 
industry (see: Twenty-Five Years 
of the 14 Important Ratios, Dun & 
Bradstreet, 1957, p. 60). 

It is important to bear in mind 
that the 19.29 per cent refers to 
profits after taxes. Since all of the 
corporations in the sample are in 
the 52 per cent bracket, the profit 
before taxes on net working capital 
is approximately double the fig- 
ure cited. Therefore, the typical 


on a company’s established bank- 
ing connections or alternative lines 
of credit. 

Inasmuch as only the lease pay- 
ments due within 12 months ap- 
pear as a liability on the financial 
statement, the ratio of current as- 
sets to current debt, as well as the 


ratio of net worth to total debt are 
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rrent working ©*F 
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$1, 079 484 


affected verv little 

While leasing is relatively sim- 
ple, the easiest method by which 
a foundry may acquire new equip- 
ment is to take the cash out of its 
working capital and make the pur- 
chase with it. Yet, despite the fact 
that this is simpler, some foundries 
prefer to lease. Why? 


BALANCE SHEEy 
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foundry earns about forty per cent 
annually on its net working capital 
before taxes 

Every company head in_ the 
foundry business is faced with this 
problem: If his funds earn 40 per 
cent before taxes and he uses work- 
ng capital to buy new equipment 
then he is paying 40 per cent for 
the use of money tied up in equip 
ment. This is without regard to the 
effec f de preciation Should he 
hy 7? 


Advantages 


Leasing is most beneficial for 


thos companies whose operations 


could expand profitably if addi- 
tional working capital, in the form 
of equipment and machinery, were 
available at smaller annual expense 
than through use of their own cap- 
ital 

The tax advantage in leasing is 
debatable. Actually, the advantage 
of the lease arrangement lies prin- 
cipally in the way it frees dollars, 
otherwise invested in ownership of 
fixed assets, for more profitable 
uses 

Leasing offers other possible ad- 
vantages. Some companies would 
like to convert fixed assets into cur- 
rent assets. So they sell the asset 


OBSOLESCENCE 


When technology is making rapid 
advances, it may be safer to lease 


Certain companies do not like 
to face the problem of large equip- 
ment investments when there is a 
strong possibility ot rapid obso- 
Leasing by-passes_ the 
problem of large investment in 
such equipment and permits a user 
to acquire the latest and the best 
on a short-term lease 

Also, the whole problem of in- 
flation has begun to cause some 


lescence. 


soul searching in corporate treas- 
urers offices. For many years, cor- 
porations have thought nothing of 
renting real property, but yet in- 
sisted on purchasing machinery 
and equipment. Due to inflationary 
pressures, industrial real estate has 
not only held its value in most in- 
stances, but has actually enhanced. 
Machinery and equipment, on the 
other hand, must always depreci- 
ate in value as the equipment wears 
out. 

If the corporation expected to 
expend $2,000,000 on plant and a 
like amount on equipment, might 
not that company be wiser to own 
its real property and lease the 
equipment? Many corporations to- 
day are finding that the high toll 
of inflation is causing them to re- 


20 - modern castings 


adjust their thinking as to which 
fixed assets should be purchased 
and which leased. 

Finally, the desire to maintain 
business liquidity has led many 
companies to lease instead of buy. 
In the foundry business, the ratio 
of “quick assets” to current liabil- 
ities dropped from 3.44 in the mid- 
dle of 1954 to 2.82 in the middle 
of 1957. 

This decline of liquidity is in 
part due to the impact of federal 
tax legislation providing for a 
speed-up of corporate tax pay- 
ments. In part is is also due to 
the greater demand for credit by 
business customers. The upshot is 
that many foundries have turned to 
leasing, thereby conserving work- 
ing capital. 

It is important, therefore, that a 
foundry examine its own particu- 
lar situation and determine what 
the investment of its working capi- 
tal in equipment would cost. If 
outside financing through leasing 
can be acquired at less cost than 
the foundry’s use of its own work- 
ing capital, then certainly it is 
sounder to use leasing. If not, it is 
sounder to buy. 


for cash and immediately lease it 
back 

Other companies are faced with 
a competitor who is using the lat- 
est equipment, while they them- 
selves are lagging behind and com- 
petitor’s sales increase 

Acquisition of new machinery is 
1 must, but financial ratios may not 
permit outright purchase, or pur- 
chase on a conditional sales con- 
tract, or even bank borrowing to 
make the purchase. Leasing offers a 
tested expedient to accomplish the 
end desired 

Some companies hold a_ tight 
checkrein on capital expenditures 








and financial ratios, although the 
president or division manager may 
feel it mandatory that certain new 
equipment or facilities be installed. 
Even if the equipment is pur- 
chased on credit plan, it decreases 
the ability of the concern to borrow 
in other directions. 

The leasing of a fixed asset has a 
similar affect, but only to the much 
smaller extent of the annual rent- 


al. As a result, leasing meets the 
problem of the tight checkrein on 
capital spending or financial ratios 

without forcing the board of di- 
rectors to increase the capitaliza- 
tion of the firm 








years. 





Past, Present, and Future of Leasing 


Leasing of income producing equipment is said to have started 
back in New York State in 1845, when the Schuykill Navigation 
Co. purchased transportation barges to lease to operators who 
wanted to use them without having to spend their own capital. 
Although leasing is an old idea, its current popularity is rapidly 
increasing. Leased metal forming and machine tools constitute 
2 per cent of the total units used in industry, about $180,000,000 
worth. Most of this total developed during the past eight years, 
and it is predicted that the total will double during the next four 














SAVING 
LIVES 





@ Plant safety doesn't just happen 
= it’s not that easy! 

The AFS Twin City Chapter 
knows this is true. Four years of 
plant safety involving 
member foundries have demonstrat- 
ed that the struggle for safer op- 


contests 


erations is a long drawn-out one. 
Lost-time accidents result almost 
one hundred per cent because of 
apathy regarding safety on the part 
of the individual employee. But 
where this is true, it’s a good bet 
that this lack of interest is shared 
by management. 

The key to future improvement 
in accident frequency and sever- 
ity is in the hands of the top man 
in each company. When this man 
sincerely shoulders the responsibil- 
ity of safe operations, takes a vi- 
tally active interest in safety and 


i CUPY CHAPTER 


LWERICAN 
FOLADRWEN'S SOCIETY 


SAPETYAWARD) 


; } 
Northern Matleable Iron Co. 


Awards stimulate interest. 





CARTER DELAITTRE 
Works Manager 
Minneapolis Electric 
Steel Castings Co 
Minneapolis 


places safe operations as a top ob- 
jective, then and only then will 
our safety programs take on their 
proper degree of importance. 

The AFS Twin City Chapter rec- 
ognizes the importance of satety 
We realize that safety is BIG BUSI- 
NESS; and that substantial savings 
in life, limb and money accrue to 
the accident-free plant. 

In 1954 we set about to deter- 
mine the causes and effects of ac- 
cidents in member foundries in 
our area, with an eye to stimulat- 
ing interest in our Twin City safe- 
ty program. The program has con- 
sisted of a yearly safety contest 
among AFS member foundries. We 
are now into our fourth contest. 

Twenty foundries participated in 
the first contest (1954-1955). In 
thé two succeeding contests, 30 
foundries took part. 

During each contest, which runs 
from Nov. 1 of one year to Nov. 1 
of the following year, participating 
foundries submit to the Chapter 
Safety Committee information as 
to hours of exposure, number of 
ost-time accidents, number of lost- 
time days and a description of 
each accident. 

We provide monthly contest 
standing tabulations and accident 
reports to each foundry on the ba- 
sis of this information. At the end 
of the contest a final-standings re- 
port is issued and an accident 
analysis report is presented to all 
participating foundries. At the close 
of each contest the Chapter pre- 
sents safety award plaques to 
foundries with accident frequency 






records of ten or lower. Some 
foundries have recorded no acci 
dents and receive a spec ial award 
for excellence. 

We feel that this contest award 
system has contributed greatly to 
an increased interest in the Chap 
ter’s safety program 

The figures for the contest end 
ing Nov. 1, 1957, Table 1, portray 
some interesting tacts. Of particu 
lar significance are the “accident 
severity” and “accident frequency 
columns of the table. In both in 
stances the figure is considerably 
higher for foundries with a _ total 
production figure of less than 10 
000 man-hours per month as against 
foundries working over 10,000 man 
hours per month. A comparison of 
“frequency” and “severity” figures 
for all foundries participating in 
each of the three safety contests 
appears in Table 2. 

You may ask, “Why so little im 
provement in frequency and sever- 
ity of plant accidents under our 
formal safety program?” True, the 
results of our first three contests 
fail to show the drop in frequency 
and severity we want and should 
expect. As mentioned earlier, safe- 
ty is not an overnight accomplish- 
ment. It is rather a job of breaking 
down the icy reception to safety 
exhibited by both employees and 
managerial personnel. Ours is a job 
of stirring management to shoulder 
the responsibility of plant safety 
and to take positive action. 

We feel, figures notwithstanding, 
that interest in safety is slowly tak- 
ing hold. The duty lies primarily 
with management. Foundries par- 
ticipating in the contest recently 
ended reported 132 lost-time acci 
dents. We feel that better super- 
visory guidance could have pre- 





rABLE 2 COMPARISON OF 
THE THREE AFS TWIN CITY 
CHAPTER SAFETY CONTESTS 








Contest Accident Accident 
Frequenc \ Severity 
1954-1955 19.6 190.5 
1955-1 95¢ 4.5 2100° 
1956-195 97.3 250 
1957-1958 19.3 5550 ° 
Ist { } nth 
Rat ti i 
vented all of these iccidents 
| pon lose evalution of the 1956 
1957 accident reports, the following 
conclusions were mad 


l Unsate acts 
{ mplove es were responsible 
for 110 of the 132 accidents 

2) Unsafe conditions caused 13 
of the total 

iccidents resulted from 


on the part of 


3) Five 
i combination of conditions 
ind actions 
1) The cause of four accidents 
was undetermined due to in- 
idequate information 
Foot and toe injuries headed the 
list, accounting for 28 per cent of 
the total 
frequency, were hand and finger, 


Following, in order ot 


back, leg, metal burns, arm, eye 
head injuries and miscellaneous. 

In our case, the results on paper 
do not back up our efforts. How- 
ever, we feel that we are more 
than half-way there and do not 
intend to give up. We've seen in- 
terest in safety begin to take hold 
during the past three years and the 
AFS Twin City Chapter intends 
to keep plugging. We're confident 
that in the near future our safety 
program is going to make some 
definite inroads into the lost-time 
accident rate facing foundries in 


our area 





TABLE 1 — AFS TWIN CITY CHAPTER SAFETY CONTEST 


TWELVE MONTH STANDINGS NOV. 1, 


1956 TO NOV. 1, 1957 


Less Than 10,000 Man-Hours Per Month 
(18 Foundries ) 


Hours of No. Lost-Time No. Lost- Accident Accident 
Exposure Accidents Time Days Severity Frequency 
1,188,462 «52 483 107 43.8 
More Than 10,000 Man-Hours Per Month 

(12 Foundries ) 

3,658,102 30 199 21.90 
Combined Totals 

(30 Foundries ) 

4,864,564 132 250 27,3 
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& It you need to duplicate a wood 
@ Pattern, epoxy resins may speed 
the job to completion with the ex 
penditure of as little as 3.75 man- 
hours of effort. A pattern duplicate 
could be requested late one day 
and be delivered before noon the 
next. Patterns produced by this 
process have excellent surface-wear 
resistance and a surface smooth- 
ness limited only by the paint used 
for coding. 

The feasibility and value of 
epoxy resins for tooling applica- 
tions and specifically for the mak- 
ing of foundry patterns are already 
well established. This acceptance 
is not based on novelty but upon 
certain very definite cost-saving 
features. Some of these are labor- 
cost savings in the actual fabrica- 
tion of the pattern; greater pro- 
duction life of the pattern because 
of high wear resistance; plus great- 
er production per foundry man- 
hour resulting from lighter weight 
and a surface which permits better 
parting from sand. 

However, the most practical and 
economical fabrication techniques 
are not so well established. In fact. 
there has been a fair amount of 
confusion resulting in discourag- 
ing results for some new users. The 
reasons for this past confusion are 
now quite clear. In the beginning 
the plastic suppliers were not com- 
pletely aware of the specific prob- 
lems of the patternmaker. Mate- 
rials and fabrication techniques 
found successful in other tooling 
fields could not be transferred ver- 
batim to patterns. In many cases 
the inherent handling characteris- 
tics of the available plastic mate- 
rials made them unsatisfactory for 
pattern work. 

The following discussion is not 
intended to sell the value of tool 


LEONARD A. Dopct 
Rezolin, Inc. 
Santa Monica, Calif. 


STEP 1 — 3:30 pm Monday. Damaged pattern has 
been stripped to bare wood. The patternmaker is 
patching surface gouge with quick-setting epoxy 
Patch cures overnight and is sanded to pattern 
contour. Total labor required is one man-hour 





STEP 3 — 1:00 pm Tuesday. Pattern mounted with 
wood screws on aluminum or steel plate, minimum 
thickness, 1 4-in. Simple wooden dike fitted 
around base plate retains resin. Pattern, base plate, 
dike coated with mold-release. Labor, 1 man-hour. 


STEP 5— 2:15 pm Tuesday. Mold material mixed, 
using one part laminating epoxy to two parts No 
16 mesh organic aggregate. Mold mix is troweled 
onto pattern and base plate to a thickness of ap- 
proximately 1 /2-in. Labor is 1/4 man-hour. 


For rapid and accurate duplication of 
patterns many man-hours can be saved with epoxy resins. 





STEP 2—9:00 am Tuesday. Thin coat of casting 
epoxy fills minor surface defects, imparting a high 
gloss to pattern. Quick-set hardener added to resin 
and 100 F temperature will set the coat in 3-4 hr 
Labor for this operation is 1 2 man-hour 





STEP 4— 2:00 pm Tuesday. Surface coat epoxy 
brushed onto pattern and base plate. Four pipe 
nipples, 3 8-in. ID, are pressed through coat against 
base plate for use in closing the mold during casting 
operation. Labor required, 1/4 man-hour 


STEP 6 — 2:30 pm Tuesday. While mix is stil! soft, 
four wooden blocks are embedded into it to form 
a supporting structure. The mold cures overnight 
and the base plate is then removed in the morning 
The total labor required is 1/4 man-hour. 

































STEP 7 — 8:30 am Wednesday. Because of low linear shrinkage 
of properly formulated epoxy tooling compounds, a tool is 
needed to extract the original pattern from the cured mold. 
The sketch illustrates application of tool to draw wood pattern 
from plastic mold. Total labor required is 1/4 man-hour. 


plastics but rather to outline a 
simple method of making epoxy 


in the repair of the original pat- 
tern and the making of a mold 


STEP 8 — 8:45 am Wednesday. To prepare 
mold for casting, 5 8-in. hole is drilled in 
center of base plate to serve as sprue and 
six 1 4-in. holes drilled for risers. Four 1/4 
in. holes are drilled in the base plate to 
match mold nipples and to lock plate to 
mold. Long, 1 4-in. stove bolts, washers 
and wing nuts used to close mold. Two 1 /4- 
in. stove bolts inserted in screw holes after 
pouring, making threaded holes in epoxy 
casting; bolts will be used to remove dupli- 
cate pattern from mold. Release agent 
needed before casting. Labor, 1 man-hour 


STEP 10 — 8:30 am Thursday. Bolts are re- 
moved and base plate struck with rubber 
mallet to loosen plate and shear off sprue 
and risers. Projections trimmed. Pattern re- 
moved from mold as in Step 7. Since parting 
plane has been retained by duplication, the 
pattern is dimensionally completed. Labor 
required for operation, 1/4 man-hour. 


0.072 Ib per cu in. does not create 
a handling problem. It might also 


patterns requiring a minimum util- 
ization of power tools and skilled 
labor. 

The process illustrated was be- 
gun at 3:30 pm on a Monday and 
the completed pattern half was 
ready for use on Thursday of the 
same week. The total labor time 
consumed was 7.25 man-hours. Of 
this time, 3.5 man-hours were used 


which would not be necessary if 
more patterns were required. The 
only power tool used was a drill 
press and the labor was “semi- 
skilled.” 

The procedure developed here 
lends itself best to the making of 
relatively small patterns where the 
weight gained from the use of an 
epoxy material having a density of 


be noted that as the pattern size 
and displacement increase so does 
the total cost of material. A point is 
finally reached where the increased 
man-hours required to produce a 
laminated shell with aggregate core 
pattern represent less dollars than 
the use of extra casting epoxy sim- 
ply to displace air. 

The particular pattern used for 


STEP 9—9:45 am Wednesday. 
B plate bolted to top face of 
(0.005-in. acetate) 
with clay, also 
ind riser holes 
p to | 4-in. in 
hort stove bolts 
holes and cast- 
nold overnight 
> 5 |b of resin 
man-hour 


STEP 11—8:45 am Thursday. 
The finished pattern is then 
painted according to the AFS 
standards and pins _ installed. 
Completed epoxy duplicate pat- 
tern is shown on right and the 
original wood pattern on left 
Labor required is 2 man-hours. 


this illustration is half of an al- 


ready used and damaged split- 


globe-valve pattern. The same gen- 
eral procedure could be followed 
in the duplication of a new wood 
or plaster master with the excep- 
tion that the patching operation 
would be unnecessary. The core 
box for this pattern could be easily 
duplicated by the same procedur 
working from a plaster or wi 
core stick. 
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@ Are you tying-up valuable floor 
@ Space in your foundry waiting 
for large castings to cool down to 
shakeout te mperatures? This prob- 
lem was solved at the Mount 
Vernon foundry, Cooper-Bessemer 
Corp., by setting molds on railroad 
Hat cars after pouring. Loaded car 
is then pulled out into the yard 


Large castings cool outside on flat cars 
while floor space is freed for more productive use 


Josep A. Ruitey, Jr. / Foundry Engineer 


Cooper-Bessemer Corp 
Mount Vernon, Ohio 


and left to cool for periods as long 
as SIX days. 

By replacing pit molding with 
flask molding, ramming molds with 
a motive sand slinger, and cooling 
castings on flat cars in the yard, 
foundry production capacity for 
large castings has been doubled 
without increasing floor space re- 


quirements. And, more than in- 
cidentally, this triple-trick has 
substantially reduced casting pro- 
duction costs. 


New Production Method 


Increased demands for castings 
and high labor costs necessitated 
an overhaul of our production 


Poured-off molds with total weight of 125 tons are loaded on flat cars to cool down to shakeout temperature. 





methods. Several changes contrib- 
uted materially to operation effi- 
ciency. Flasks were constructed 
that would fit all castings and 
thereby eliminate pit molding. This 
greatly speeded the ramming and 
shakeout operations. Track was 
laid down the center of the main 
molding floor for the sand slinger. 
Permanent pits on either side of 
the track hold the large molds after 
they are rammed. 

{ pattern, mounted on a cast iron 
plate, is positioned in the flask and 
the flask is rammed with the sling- 
er. The flask is rolled over by the 
crane and the pattern drawn. After 
finishing, the cope and drag are 
placed together with a spacer be- 
tween them. An automatic gas-fired 
dryer is placed on top of the mold 
and piped into the spacer. The 
mold is dried overnight and _ is 
ready for coring in the morning. 
All other molds small enough to fit 
on the cars are oven dried over- 
night. When the cores are set, the 
mold is closed, clamped, weighted, 
and braced to eliminate any pos- 
sible mold strain. 

Castings are poure d in the after- 
noon and allowed to solidify for 
a maximum of 10 hr in the foundry. 
All molds with a combined weight 
of 125 tons or less for sand, flask 
and casting are then placed on flat- 
cars and run out into the vard for 
a cooling period as long as six days, 
depending on the casting. Castings 
which can be shaken out the same 
night that they are poured are left 
in the foundry. All flasks are loaded 
in and out of the foundry with a 
small locomotive during the night 
shakeout shift. As soon as a casting 
is moved out into the vard, the floor 
space is again available for pro- 
ductive work. 

When the castings are brought 








back into foundry for shakeout, 
cope is removed from flask and 
casting is lifted out. A pneumatic 
flask rapper is used to remove the 
sand from the flasks. 


Savings 


The following savings on a typi 


cal large casting have resulted from 
the adoption of our new production 
methods: 

l. approximately 20 hr coremak- 

ing time by the elimination of 
the ram-up core used in pit 
molding 
approximately 16 hr molding 
time advantage of slinger ram- 
ming over hand ramming, 
greatly simplified shakeout 
resulted in manpower savings 
in that department, 
100 per cent increase in pro- 
duction capacity without any 
increase in floor space require- 
ments. 





Permanent pits on eithe: le of track down center of 
main molding floor hold fla after molds are rammed 


Small locomotive pulls cars into yard where castings 
will be allowed to cool for periods of up to six days 





A CONSUMER'S REPORT ON THE T&R 
ITS A BARGAIN! 


-auL Focut/ Managing Editor 





Metallography class in session with S. C. Massari at the blackboard. 


LAB WORK 


Student Bill Oakes enjoyed the laboratory phase of the course which en- 
tailed demonstrations of equipment and preparation of his own sample. 


@ This is a report on the class- 
w room-laboratory instruction pro- 
gram of the AFS Training and 
Research Institute from the con- 


sumers. or student's viewpoint 


The study is based on observation 
of the T&RI course Metallography 
of Ferrous Metals, conducted April 
16-18 at the Sherman Hotel, ( hica- 

and in the laboratories of Bueh- 
ler Ltd., Evanston, I] 

The report 1S intended aS a Case 
history to show what the 628 stu- 
dents who have been enrolled in 
the 13 courses conducted by T&RI 
since July 1957, have received for 
their tuition money. 

Registration for the course be- 
gan at 8:45 am at the hotel and 
most of the enrollees had checked 
in within a few minutes. Students 
arriving to register were greeted by 
T&RI Training Supervisor Ralph 
Betterley. Each student then picked 
up his study materials for the 
course. These included a list of his 
fellow students, an outline of the 
lectures to be given during the 
course, a notebook, and a MopERN 
Castincs Bonus Section on heat 
treating. 

Only 15 minutes were allowed 


FINAL EXAM 


Metallography of Ferrous 
Metals 


@ These questions are from the 
exam taken by students in the 
T&RI metallography course. How 
well would you have scored on 
this test? 


Can element effects on alloys be deter 


mined by microscopic analysis? 


Can variations in mechanical properties 
within a single casting be ascertained 


by microscopic analysis? 


Is grain size in ferrous alloys directly 
related to cooling rate? 


Can the mechanical properties of a 
metal be closely approximated by a 
micro examination? 


In a gray iron of a given composition, 
can the mechanical properties be es- 
timated by relative proportions of 
pearlite and ferrite in the matrix? 


Can microstructures be grossly altered 
by allowing samples to become over- 
heated during sectioning or grinding? 








LAB WORK Preparation of sample in Buehler Ltd. labs gave Bill a chance to improve his technique. 


for registration and the lectures 
started promptly at 9:00. The few 
late arriving students found that 
they were just that, late. 

Instructors for the course were 
Training Supervisor R. E. Better- 
ley, T&RI Director S. C. Massari, 
and Professor Philip C. Rosenthal, 
University of Wisconsin. 

Betterley and Massari eased the 
class into the subject and then Pro- 
fessor Rosenthal began to bear 
down. 

Just as in any other school or 


class, a student has to check with 
the guy seated next to him to get 
a line on the instructor and on the 
course. 

In the case of this investigation, 
the guy in the next chair was 
William Oakes, inspection super- 
intendent, Paxton-Mitchell Co., 
Omaha, Neb. Paxton-Mitchell op- 
erates a ferrous and a non-ferrous 
foundry as well as a machine shop. 
Much of the work is on parts for 
hydraulic and pneumatic operat- 
ing cylinders. Bill’s job is to handle 


receiving and production inspec- 
tion for the foundry and machine 
shop, and sometimes his job is to 
go out in the field to the custom- 
ers plant and do a little trouble- 
shooting 

To do his job, Bill has learned 
quite a lot of metallurgy and metal- 
lography. He had a year of college 
and had worked on statistical qual- 
ity control programs before com- 
ing to Paxton-Mitchell four years 
ago. His knowledge of metallurgy 
and metallography was gleaned 


aUizZ Final exam calls for concentrated effort, and sometimes a point must be checked with the instructors 
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from the literature and from the 
consulting metallurgists retained 
by his company. 

[This course in ferrous metal- 
lography looked like a good way 
to broaden his knowledge, and 
learn new techniques to do a bet- 
ter job 

His interest in attending the 
course was increased by the en- 
couragement of two other men 
from his company who had _at- 
tended previous courses 

The lectures had just begun when 
Bill made a note on the varying 
structures of pig iron that he said 
would help to settle a discussion 
with the melting department 

Later, Professor Rosenthal delved 
into the mysteries of the phase dia- 
gram and Bill noted that this dis- 
cussion alone made his attendance 
at the course worthwhile. The ex- 
planation of the diagrams, he said, 
made clear points which reading 
had never clarified 

The course was not restricted to 
classroom study and the second 
day was spent in the laboratory 
and demonstration rooms at Bueh- 
ler Ltd. in Evanston. Turned loose 
on the newest types of equipment, 
under the guidance of Buehler en- 
gineers, many of the students dem- 
onstrated the enthusiasm of boys 
with a key to the candy store. Most 
had samples ot an interesting metal 
from their own plant which they 
were anxious to prepare and ex- 
amine 

This phase of the course proved 
to have its own values. Bill noted 
some improvement that he could 
make in the rough polishing tech- 
nique he had been using in his 
own work. 

Friday found the group back in 
the classroom for more lectures and 
a five page, LOO question exam. So, 
like all courses this one ended with 
a little sweat and anxiety. 

After a student has returned 
home from a T&RI course he is sent 
a questionnaire which asks him 
to evaluate his experience as a stu- 
dent. The answers from students 
show that the courses are good, 
in fact, the courses might even be 
a little longer and the exams a 
little harder. The questionnaire 
that Bill Oakes returned summed 
up his evaluation of the metal! 
raphy course with this stat: it, 
“A bargain!” 





@® Conclusions arising from talks 
delivered at the AFS Casting Con- 
gress and Foundry Show in Cleve- 
land are presented here. These 
technical paper summaries cover 
the Sand, Light Metals and Man- 
igement sessions. Next month, 
Mopern Castincs will publish 
summaries of papers relating to 
brass and bronze, grav iron, die 
costing, heat transfer and noise and 
radiation. The June issue of Mop 
ERN CasTINGs included summaries 
of talks given at malleable iron, 
patternmaking, steel, fundament- 
al papers, and plant equipment 
sessions of the Casting Congress. 


Sand 


“Investigation of the Hardening 
of Sodium Silicate Bonded Sand,” 
C. E. Wulff, University of Wiscon- 
sin, Madison, Wis 

Hardening of sodium silicate 
bonded sand can be accomplished 
by three methods 

1) CO. hardening. 
2) H,O evaporation hardening 
thermal hardening 

CO, and evaporation hardening 
ippear to be similar. Thermal hard- 
ening is different, but in the lower 
temperature range of oven baking 
it is still a reversible process 


Long CO. gassing is of no ad- 


vantage, and for economic reasons 


Technical publications were sold 
and displayed at the AFS booth 
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Presiding at the Malleable Round Table Luncheon were, left, F. B. Rote 
center, J. H. Lansing, Malleable Founders’ Society. Speaker L. D. Ryan 


evaporation set is recommended. 
Thermal hardening produces high 
strengths at moderate binder per- 
centages 

Room temperature core deteri- 
ration can be two types: 

1) fracturing of binder ( mois- 
ture loss 

2) softening of binder ( moisture 


pickup 


“A Literature Review of Metal 
Penetration,” A. E. Murton and 
S. L. Gertsman, Department of 
Mines and Technical Survevs, Ot- 
tawa, Ontario, Canada 

With low metal heads mechani- 


Dignitaries of the Steel Round Table Luncheon 


cal penetration can be eliminated 
by controlling void size (fine sands 
good ramming, refractory sands, 
mold washes ), and using low pour- 
ing temperatures. When it is nec- 
essary to use high metal heads, 
together with hot spots on the 
casting, it is difficult at present to 
prevent penetration with practica- 
ble sand mixures. 

The tests show that attention 
should be paid to reducing metal 
head as much as possible, espe- 
cially over hot spots, by gating 
design and the use of blind risers 

Penetration may be practically 
eliminated by core mixtures con- 





eft to right, E. H. Howells, A. F. Kiesler and J. Brice, 


W. R. Hibbard, discuss plans for their session. 





British non-ferrous casting 
right, 
Officers, seated, Prickett, Hodgson and Dunn. 


Albion Malleable Iron Co., and 
right, spoke on diversification 


taining up to 100 per cent silica 
flour, but these mixtures are diffi- 
cult to use. They are hard to mix, 
hard to bake, have low green and 
dry tensile strength, and their use 
is likely to result in other casting 
detects 


“Mold Surface Behavior,” D. 
Roberts, Oil City Iron Works, Cor- 
sicana, Texas, and E. E. Woodlift, 
Detroit 

The simple measurement of sand 
growth as metal is cast around it 
offers a means of control over the 
many casting defects caused from 
its expansion. It is possible to pre- 





is explained by L. 
at the Die Casting Session. 


Brass & Bronze Round Table Luncheon group discussed copper alloys 


Right — Good sand practice was discussed at the Sand Shop Course 
by this panel. V. Rowell, Harry W. Dietert Co., left, presided. 


fers a distinct advantage in control From. the application ot Wise’s 
determine the behavior ot a sand fine content, of the many causes of mold wall particle-packing theory to foundry 
as to its expansion characteristics 5) combustibles type and con movement 


sands, these general conclusions 
by control over the several factors 


are warranted: 
contributing to its expansion. ) pouring temperature, “The Theoretical Concepts of 1) The maximum density of a 


Factors found mostly influencing pouring rate, the Packing of Small Particles,” foundry sand grain distribution is 


sand behavior are: ) rammed density or hardness. J. B. Caine, Cincinnati, and C. E independent of the fineness 


1) type of sand grain, While all defects are not from McQuiston, Advance Foundry Co., 


Continued on page 102 


2) true clay content, sand expansion, the authors con- Davton. Ohio. 
3) distribution of grains, clude that the expansion meter of- 


Right — Planning the Pattern Luncheon which discussed castings sales, 
left to right, J. Kreiner, J. Roth, G. Dreher, E. Kindt and C. Bueg 





Theme of this Industrial Engineering Session was work simplification. 





Experiences with a Water- 


Cooled Cupola at Tyler Pipe 


The upola described in this talk 
s externally water cooled, uses pro- 
copper tuyeres and has no 


cept in the well. 


@ LENGTH OF HEAT— We have 
yperated this cupola continuously for 
per shift 
It could probably be operated 


is long is 15 davs. 24 hr 


indefinitely or at least as long as one 
to two months continuously, especi- 
illy if equipped with two tap holes 
This furnace can also be oper- 
ited on 16-hour campaigns with a 
bankover of 8 hours or longer for as 
long as 6-8 weeks before dropping 
bottom 
@ OPERATING ACID, NEUTRAL 
OR BASK With no lining in the 
stack and a carbon lining in the well 
it is practical to operate acid, neutral 
x basic within the same campaign 
producing the desired quality of iron 
@ RAW MATERIALS — We can melt 
all cast scrap or all steel scrap or any 
combination thereof . If using 100 
per cent steel scrap, at least 80 lb of 
coke per ton of steel is needed to 
raise the carbon content to 3.80 per 
cent. ... No pig iron has been used in 
our operation for the past 3 years 
@® FLUID IRON — When operating 
neutral or basic and more particularly 
basic, you can obtain iron near the 
eutetic point if the phosphorous con- 
tent is low We have poured 
1/8-in. sections with 0.05 per cent 
phosphorous iron with excellent fluid- 
ity This iron has an excellent 
chance of replacing high phosphorous 
stove plate iron. 
@® SAVE MANGANESE In cold 
blast acid cupola operation one norm- 
ally loses 20-23 per cent of the man- 
In a basic op- 
eration manganese loss will be 3 per 
cent and under . . . . Manganese oxide 
in the slag on a very basic operation 
will be 0.5 per cent or less. 
@ SILICON LOSS — When operating 
basic it is normal to think that the 
high silicon loss (18-30 per cent) is 
a disadvantage . . However, the 
very high resultant carbon equivalent 
iron will offset the 20 per cent silicon 
loss . . . . If normally operating with 
a 2 per cent silicon iron you might 
use a 1.80 per cent silicon iron, since 


ganese charged oe a 
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the carbon will be in excess of 3.70 
per cent . . The iron will still be 
fluid and gray in thin sections... . 
If a water-cooled acid or basic cupola 
is operated with preheated air of 900- 
1100 F the silicon loss will be nil. 
@® REFRACTORY COST Refrac- 
tory cost for a water-cooled cupola 
operated basic will average approxi- 
mately 13 cents per ton melted — re- 
pair cost, not installation cost... 
For a conventional acid-lined cupola 
the refractory cost will vary from 25 to 
50 cents per ton melted, depending 
on the length of heat 
@ CONSTANT MELTING ZONE 
DIAMETER — This is of great advan- 
ige in determining the coke splits 
necessary to maintain the proper bed 
height — particularly in the latter part 
yf a long heat 
@ DUCTILE IRON — When operat- 
ed sufficiently basic to produce sul- 
phur under 0.01 per cent and iron 
oxide below 0.05 per cent, the re- 
sultant iron is an excellent base for 
ductile iron... . I am familiar with 
a company that produces ductile iron 
with as low as 8 lb of 8 per cent 
magnesium alloy per ton of iron 
treated sulphur 0.006 per cent). 
@ PRE-MELT FOR STEEL This 
is an excellent furnace for a duplex 
system to produce steel since you can 
produce low-sulphur low-phosphorous 
base iron. 
@ CRACKING OF SHELL — We had 
some cracking of the shell two or 
three feet above the tuyere after the 
furnace was in operation some two 
years .. . . Evidently this is caused 
by the temperature differential in the 
sections above the tuyeres causing an 
expansion and contraction. 
@ EFFICIENCY—A normal cold 
blast acid-lined cupola operates at an 
efficiency of about 32 per cent. A 
water-cooled acid cupola would likely 
operate at 26 to 28 per cent efficiency 
. Our calculations indicate that 
it requires about 30 lb extra coke per 
ton of metal because of the tempera- 
ture loss to the water (this is based on 
a loss of 5,000,000 to 6,000,000 Btu 
per hr) .... If you install a hot blast 
to heat the air 900 to 1100 F you 
probably could pick up 49 lb of coke 
per ton melted. 
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INVESTIGATIONS ON THE EFFECT OF HEAT ON THE 
PROPERTIES OF VARIOUS BENTONITES 


BONDING 


By 


Franz Hofmann 


INTRODUCTION 


Determining green strength alone, as practiced tol 
obtaining quality characteristics of bentonites, vields 
little knowledge on performance of such bentonites 
under operating conditions. Durability of bentonites 
in a particular system sand cannot be ascertained. 

These shortcomings led to this investigation. Re 
sults disclose considerable variations of durability be 
tween bentonites, differences which appear in practi 
cal operation 

This report also deals with comprehensive testing of 
bentonites for foundry uses, and with possibilities of 
fered by differential thermal analysis. 

Bentonites are clays of predominantly montmorillo 
nitic nature. They are a transformation product of 


glassy volcanic ashes, mostly 


The 


have 


of acid composition 
transformation of volcanic glass into clay 
reached degrees. This 
took place during or immediately 


may 
various transtormation 
after a volcanic 
eruption, and was influenced by eruption conditions 
such as the presence of steam and temperature. As a 
rule the ejected ashes were carried over long distances 
by the wind, deposited in stratas and imbedded by 
sedimentary deposits. 

One of the most important and typical properties 
of bentonites is their base exchange capacity. The 
relation bentonite-water in particular is influenced by 
the nature of exchangeable ions which saturate the 
clay. 


WESTERN-TYPE BENTONITES 

Bentonites which are predominantly calcium satu- 
rated correspond to the nonswelling southern type 
Whereas bentonites which are sodium saturated (west 
ern type) swell to a high degree in water and form 
thixotropic, gelatine-like suspensions. 

Calcium and sodium bentonites are found naturally 
in the United States. The western type, particularly 
the bentonites of Wyoming and South Dakota, are 
naturally sodium saturated because the bentonitic 
volcanic ashes were deposited in the sea. 


®Head of Sand Research Laboratory, George Fischer Ltd., Schaffhausen, 
Switzerland. 


Economically important deposits of western-type 
bentonite cannot be found in Europe and North Africa 
This is because the conditions typical for the formation 
of Wyoming bentonite were missing. Therefore, all 
important and numerous bentonite deposits in the 
old world are specific nonswelling calcium bentonites 

In Europe, the natural calcium bentonites are fre- 
quently converted artificially by base exchange into 
sodium bentonites, whether for foundry uses or other 
ipplications. One such application is drilling muds 
tor oil explor ition whe re a high swelling capacity is 
important. 

For the transformation of calcium into sodium ben- 
tonite, sodium salts are used. By substitution of the 
clay these yield insoluble calcium 
salts. This means that the reaction takes place only 
in one direction 


Nas CO 


drilling muds 


bound calcium 
For practical purposes sodium car 
bonate is used as a rule up to 5 per cent 
for The exchange 
only in the presence of water as follows: 
Ca-be Nae COs Na-bentonite 


base 


takes plac e 


ntonite 


CaCO 
FOUNDRY APPLICATION 


For foundry applications the soda addition should 
not be too high, because soda will increase the slag 
ging tendency of the sand. Five per cent soda corre 
sponds to the saturation of an exchange capacity of 
100 milliequivalents. 

The actual base-exchange capacity of ordinary ben- 
tonites with different origin varies little, but the speed 
of base exchange is different. There are calcium ben- 
tonites which, in a watery suspension and after addi- 
tion of soda, are converted within a few into a 
highly thixotropic gel. Other bentonites do not react 
at all under similar 


sec 


In these latter cases 
of slow base-exchange capacity, the exchange occurs 
only with boiling, drying, and rewetting. 


conditions 


The bentonites with a slow base-exchange capacity 
have a coarse particle size distribution in their natural 
state. The structure of the volcanic glass ash is in 
evidence. The particles of montmorillonite are con- 
tained as coarse aggregates. The speed of base ex 
change seems to be influenced by the dispersity, and 
by crystal structure and chemical composition. Only a 
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little information is available on this topic. The inves- 
tigation reported here will illustrate some of the re- 
lationships. 


TESTING METHODS 


Determination of Bonding Capacity 


To determine the bonding capacity of the benton- 
ites, investigated mixtures of standard testing sand 
with 5 per cent bentonite were used. A bentonite 
sample of 50 grams served for determining moisture 
content at 105 C. Subsequently, and for making the 
mixture, a quantity of undried bentonite correspond- 
ing to 5 per cent dry substance at 105 C was used. 
Every test mixture contained 2000 grams silica sand 
and 100 grams dry bentonite substance. The mixtures 
were prepared dry for one min and wet for 5 min in 
a laboratory muller. 

For every test three mixtures, differing in moisture 
content by about 1/2 per cent, were made in the 
range between too dry and too moist. The intermedi- 
ate mixture would correspond to correct temper mois- 
ture content. 

All mixtures were stored in sealed containers over- 
night, screened through a 6-mesh sieve immediately 
before testing and placed in the containers again. 

The next step consisted in determining the water 
content of each mixture with a sample of 50 grams. 
This was considered important, because bentonite mix- 
ture properties are strongly influenced by the water 
content. 

After the moisture content, the remaining proper- 
ties, particularly green strength, were determined. 
This resulted in functional curves showing the prop- 
erties concerned vs. water content. Dry strength was 
tested according to the AFS method. 


Term and Definition—Correct Temper Moisture Con- 
tent 


Molding sands with correct temper moisture content 
are neither too moist nor too dry. They are best 
suited for molding. Natural molding sands with high 
clay content have a wider moisture tolerance for 
correct temper than synthetic sands containing but 
a small amount of binder. These latter sands react 
strongly to small changes in water content in regard 
to strength, permeability and density. They feel too 
wet or too dry. This is true particularly for bentonite 
testing mixtures. 

The correct temper may be estimated accurately 
and reproducibly by feeling the three test mixtures of 
different moisture content by hand. The correct tem- 
per-moisture content may be determined in this way 
within 0.1 per cent. As a rule, this corresponds to 
the minimum bulk-density point at which the sand 
has the loosest formation at constant compaction work, 
and highest permeability. 

In this connection the work done by Dietert and 
Valtier', Grim*, and Goetz*, should be mentioned. 
The properties at correct temper-moisture content 
may be derived graphically from the functional curves 
mentioned earlier. 

The correct temper of bentonite mixtures lies con- 
siderably on the wet side of the water content which 
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Heat Effect on Bentonites 


imparts maximum green strength. At this point, how- 
ever, the sand is too dry, difficult to ram and test, 
and too brittle for foundry use. 

The correct temper-moisture content for different 
bentonite types in the standard sand mixture may 
vary under identical testing conditions. Calcium sat- 
urated bentonites usually require more water than 
sodium bentonites to give the same feel of correct 
temper. Properties of different bentonites should not 
be compared at an arbitrary constant water content. 
For the comparison of bentonites only the properties, 
particularly bonding capacity, expressed by green 
strength measured at correct temper-moisture content 
should be considered. 

The correct temper-moisture content of the test 
mixture for different bentonites in this investigation 
will be indicated, as well the hygroscopicity of each 
bentonite. This is expressed in water content at room 
temperature and a relative humidity of 75 per cent. 
The hygroscopicity is closely connected to various 
properties of bentonites (Hofmann*) as will be seen 
from the results. 


Heat Treatment and Determination of its Influence 
on Bonding Capacity 


First, properties were determined depending on the 
water content of thermally-untreated bentonites. This 
gave the value of the properties concerned at correct 
temper-moisture content and at room temperature. 

Second, the whole quantity of the tested sand was 
dried at 100 C for 3 hr, and divided in 3 parts. Each 
part served for making a test mixture in the labora- 
tory mixer at different moisture content. This yielded 
the properties values at correct temper-moisture con- 
tent and 100 C. 

Third, the same quantity of sand was treated at 
200 C for 3 hr, divided and made into three mixtures 
of different moisture content in the laboratory muller. 
This gave the properties values at correct temper- 
moisture content and 200 C. 

This procedure was repeated for 300, 400, 450, 500 
C, and higher temperature to the point where the 
green strength of the sand was negligible after re- 
tempering. 

This method of thermal treatment of the whole 
sand-bentonite mixture and of repeated retempering 
was chosen to reproduce actual reconditioning in 
foundry operation. It was also possible to heat a con- 
stant quantity of bentonite alone at each tempera- 
ture, and to mix it afresh with standard testing sand. 
This procedure would not yield exactly the same 
results as the method described, because lack of the 
influence of repeated reconditioning in the laboratory 
mixer. 

Moreover, the effect is not the same if the untreat- 
ed bentonite is first mixed with the sand, or if the 
bentonite is first heated to 500 C and has lost a 
part of its plastifying capacity with water. In this 
connection, the author would like to point out the 
work done by Patterson and Boenisch® on the in- 
fluence of mixing on the bonding capacity. 


Differential thermal analysis (DTA) 


Differential thermal analysis is an important meth- 
od for investigating clay minerals. It consists of meas- 


F. Hofmann 


uring the temperature differences between a test sam- 
ple and a thermally-inert reference sample, both of 
which are simultaneously, uniformly, and continuously 
heated to 1000 C. Any change in the test material 
results in a consumption or generation of heat. The 
sample becomes cooler or warmer when compared 
with the reference substance. If both substances rise 
in temperature constantly no reactions are taking 
place. 

The endothermic or exothermic reactions are picked 
up by sensitive thermocouples placed in the speci- 
men and are photographically recorded by way of a 
galvanometer. Downward deflections of the DTA 
curves indicate endothermic reactions. Upward de- 
flections indicate exothermic reactions. In evidence 
are the reactions caused by the dehydration between 
100 and 200 C. Molecular water absorbed in the 
clay and held there by hygroscopicity is evaporated. 

The second endothermic reaction indicates loss of 
the OH-groups which are imbedded in the crystal 
lattice of clay minerals (crystal water). From this 
point rehydration, and the ability of the clay con- 
cerned to be plastified, is destroyed. 


TEST RESULTS 


Western vs. Southern Bentonite 


The author investigated a nontreated commercial 
western-type bentonite from Wyoming, and a south- 
ern-type bentonite from Mississippi. These bentonites 
display the properties with water given in Table 1. 

The bonding capacity is shown in Fig. 1. The west- 
ern-type bentonite has a high thermal resistance which 
decreases when heated above 600 C. The bonding 
capacity of southern-type bentonite starts to decrease 
gradually after a heating temperature over 100 C. 

The values for dry strength have the same trend 
as the green strength values. These are shown in 
Fig. 2. They do not differ fundamentally. 

The difference of thermal resistance is the char- 
acteristic distinction between western and southern 
bentonites. Southern bentonite has better shake-out 
properties due to a faster decrease of bonding capac- 
ity. Synthetic sands with southern bentonite burn out 
to a higher degree during the casting operation. Con- 
versely, the durability of sands with western bentonite 
is higher. Less bentonite is required to recondition 
such sands. 

Figure 3 shows the DTA curves found for both ben- 
tonites. The difference in thermal properties is evi- 
dent. With western bentonite the endothermic effect 
caused by loss of the OH-groups, and the final loss 
of bonding capacity occurs at 780 C. The decrease 
starts at about 650 C. With southern bentonite a con- 
tinuous decrease may be recognized starting at 400 
C, and ending at 720 C. 

These DTA-curves generally cover the curves of 
bonding capacity shown in Fig. 1 and 2. They indicate 
how well the effect of temperature and bonding ca- 
pacity is expressed. The bonding capacity is actually 
affected somewhat earlier than the deflections of the 
DTA curves. 

The quantity of bonding water required for correct 
temper of sand rises with increasing loss of bonding 
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TABLE 1 — BENTONITE PROPERTIES WITH WATER 





Western Southern 


Hygroscopicity 8.2 11.5 
Initial correct temper moisture content 2.1 2.0 
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Fig. 1—Green strength vs. heating temperature for U.S. West- 

ern (Wyoming) and Southern (Mississippi) bentonite. 5 per 

cent bentonite, 3 rams, temper moisture content. 


700 °C 800 








~™ 
ao 
oe =@ 


aD 
Oo 


ss a + + 
| Pi Southern Western (Wyo. ) 
\ iss) ng 


o—e—e 


+ 
S 


Ory Strength 


° 


N 
=) 











S 


100 200 300 400 500 600 700 °C 800 


Heating Temperature 
Fig. 2—Dry strength vs. heating temperature for U.S. West- 
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Fig. 3—Differential thermal analysis curves for U.S. Western 
and Southern bentonite. 
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capacity. Figure 4 shows this relation for both Amer- 
ican bentonites investigated, and indicates that the 
green density for three rams changes simultaneously. 
This figure makes clear to what extent rammed mold- 
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Fig. 4—Temper moisture content vs. heating temperature for 
U.S. Western (Wyoming) and Southern (Mississippi) bentonite. 
5 per cent bentonite; moisture content after retempering heat 
treated test mixture. 
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Fig. 5—Green strength vs. heating temperature, investigated 
for Swiss bentonite: n = natural state, Na = treated with 
3 per cent sodium carbonate, K = treated with 4 per cent 
potassium carbonate. Wyoming bentonite shown as reference 
material. 5 per cent bentonite, 3 rams, temper moisture. 


100 aa - 

PSI TS 

80 }—__+_—__+___+- ! — 
| | \ 


ines , \ as , 
a 


! P|, on 











a 





& 
7 
~ 


Ory Strength 
+ 
rs) 








8 
, 

















| 
0 100 200 300 400 500 £600 700 °C 800 


Heating Temperature 


Fig. 6—Dry strength vs. heating temperature, investigated 
for same bentonites as with Fig. 5. 105 C, 2 hr. 


TABLE 2 — SWISS BENTONITE PROPERTIES WITH 








WATER 
% % % 
natural Sodium Potassium 
treated treated 
Hygroscopicity 15.0 9.0 8.0 
Initial correct temper 
moisture content 2.6 3.3 2.3 
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ing sands properties are a result of the relationship 
between water content and green density (Gotz*). 


Swiss Bentonite 


The Swiss bentonite used is, in the natural state, 
of coarse particle-size character. It is a nonswelling 
Ca-bentonite. A pipette analysis showed about 10 
per cent particles finer than 20 microns. 

For the purpose of this work, the author investigat- 
ed the bonding capacity of this bentonite in its natu- 
ral state. This test was made after treatment with 
3 per cent sodium carbonate (Naz COs), and treat- 
ment with 4 per cent potassium carbonate (K. CQs). 
In a watery suspension this bentonite did not react 
after adding the alkaline salts. It has a slow base ex- 
change capacity. Only after heating the suspension 
with alkaline carbonate is it transformed into a sodi- 
um or potassium bentonite. 

The suspension treated with sodium or potassium 
carbonate was evaporated at 100 C. The residue was 
then rewetted and dried again. After this treatment 
the sodium bentonite obtained corresponded to a typ- 
ical high-swelling western-type bentonite, although 
swelling capacity is not as high as that of Wyoming 
bentonite. 

The bentonite types investigated show the proper- 
ties with water given in Table 2. 

Hygroscopicity is reduced by alkaline treatment as 
well as quantity of water required for correct temper. 
This is in despite of the higher swelling capacity. So- 
dium bentonites swell only in an abundance of water. 
The sodium treatment causes the individual particles 
to be finely dispersed, and to reject each other in a 
watery suspension. They form a thixotropic gel, where- 
as calcium ions cause a coagulation of the bentonite 
particles. Nevertheless, calcium bentonites are stronger 
hydrated than the sodium bentonites without a sur- 
plus of water. This has also been found by R. E. 
Grim®: 

“Numerous investigations have brought out the interest- 
ing fact, that Na montmorillonite, on drying at room 
temperature, tends to develop a single water layer be- 
tween the silicate layers and that Ca montmorillonite 
under the same conditions tends to develop two water 
layers, whereas, at high relative humidities and in the 
presence of an abundance of water, Na montmorillonite 
absorbs by far the larger quantity of water.” 

To find the correct bonding temper of a foundry 
sand, the bonding bentonite does not require a water 
surplus. It requires an amount of water corresponding 
to approximately one-half of the bentonite weight. In 
this case swelling capacity has no effect. 

On the other hand, swelling capacity plays its part 
in a bentonite slurry. In this case only 10 per cent 
sodium bentonite may be suspended in water, if 
this suspension is to remain liquid. Forty per cent 
calcium bentonite may still produce a slurry which 
can be poured well. 

The influence of alkaline treatment on bonding 
capacity is shown in Fig. 5 and 6. An untreated Swiss 
bentonite reacts practically in the same manner as 
the American southern bentonite. Sodium treatment 
does not cause a decisive increase of the temperature 
to where the final loss of bonding capacity occurs. The 
rate of loss of bonding capacity of the natural ben- 
tonite is improved by sodium carbonate. Dry strength 
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is not essentially altered by sodium. In contrast, potas- 
sium carbonate causes a drop in green strength and 
dry strength. The residual bonding capacity is main- 
tained over a large range with decreasing tempera- 
ture. 

The DTA-curves in Fig. 7 show that the point of 
final destruction of bonding capacity cannot be shifted 
by alkaline treatment. The continuous decrease of 
bonding capacity with natural bentonite, and the 
improvement of its behavior by sodium treatment, 
clearly affect the trend of the curves. The difference 
in thermal resistance expresses itself in a typical 
manner in comparison to the DTA-curves in Fig. 3. 


Mediterranean Bentonite 1 


Similar to Swiss bentonite, Mediterranean bentonite 
in its natural state is a nonswelling southern-type ben- 
tonite of brown color. It has a lower rate of base 
exchange, and only by repeated evaporation and re- 
wetting may be converted into a sodium bentonite 
of medium swelling capacity. 

With water Mediterranean bentonite has the char- 
acteristics given in Table 3. 

Figure 8 and 9 show the behavior of bonding ca- 
pacity of Mediterranean bentonite corresponding to 
data in Table 3. 

The rate of loss of the initial high green strength 
is high with rising temperature as it is with Swiss 
bentonite. By sodium treatment this loss rate is some- 
what diminishing without the final temperature of 
destruction raised. The influence of sodium treatment 
is less convincing with this bentonite of slow base 
exchange capacity. Correspondingly, the DTA-curves 
(Fig. 10) hardly differ. 


Mediterranean Bentonite 2 


This bentonite in natural state is a nonswelling 
tvpe also. In contrast to the Mediterranean type 1, 
and Swiss bentonite, it has a naturally fine particle- 
size character. It distinguishes itself by having a high 
speed of base exchange. If 3 per cent sodium carbonate 
is added to a well-pouring suspension of this type 
natural bentonite, the conversion to sodium bentonite 
takes place within a few sec. A stiff gel is formed 
from a liquid suspension. 

Properties of this bentonite with water are those 
given in Table 4. 

Figure 11 and 12 show that even in the untreated 
state the drop in bonding capacity of this bentonite 
with increasing temperature is not as marked as with 
the bentonites described in Figs. 5 through 10. By 
sodium treatment, thermal resistance and absolute 
strength values are lifted to a level so that this ben- 
tonite does not differ essentially from an American 
western-type bentonite. 


Mediterranean Bentonite 3 


Of all bentonites investigated, this type has the 
highest speed of base exchange. This results in having 
the highest swelling capacity. By nature, this almost- 
white bentonite has a fine particle-size character, 
and is nonswelling. 

With water, it shows properties given in Table 5. 
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The bonding capacity of this bentonite performs 
well in the untreated state with rising temperature. It 
is improved by sodium treatment. The temperature of 

TABLE 3 — MEDITERRANEAN BENTONITE NO. 1 
PROPERTIES WITH WATER 


or 





Sodium 
treated 


natural 
Hygroscopicity 15.1 ] 
Initial correct temper moisture content 2.1 
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Fig. 7—Differential thermal analysis curves for Swiss benton- 
ite: n = natural state, Na = treated with 3 per cent sodium 
carbonate, K = treated with 4 per cent potassium carbonate. 
Curve of Wyoming bentonite shown as reference. 
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Fig. 8—Green strength vs. heating temperature, investigated 

for Mediterranean bentonite 1: n = natural state, Na = 

treated with 3 per cent sodium carbonate. Wyoming bentonite 

shown as reference. Five per cent bentonite, 3 rams, temper 

moisture content. 


TABLE 4 — MEDITERRANEAN BENTONITE NO. 2 
PROPERTIES WITH WATER 
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Sodium 
treated 
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Hygroscopicity 6. 
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Initial correct temper moisture content 2 
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Fig. 9—Dry strength vs. heating temperature, investigated for 
same bentonites as with Fig. 8. 105 C, 2 hr. 
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Fig. 10—Differential thermal analysis curves of Mediterranean 
bentonite 1: n = natural state, Na = treated with 3 per 


cent sodium carbonate. Curve of Wyoming bentonite shown 
as reference. 
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Fig. 11—Green strength vs. heating temperature, investi- 
gated for Mediterranean bentonite 2: n = natural state, 
Na = treated with 3 per cent sodium carbonate. 5 per cent 
bentonite, 3 rams, temper moisture content. Wyoming benton- 
ite shown as reference. 
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for same bentonite as with Fig. 11. 105 C, 2 hr. 
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Fig. 13—Differential thermal analysis curve of Mediterranean 
bentonite 2: n = natural state, Na = treated with 3 per 
cent sodium carbonate. Curve of Wyoming bentonite shown 
as reference. 
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Fig. 14—Green strength vs. heating temperature, investigated 
for Mediterranean bentonite 3: n = natural state, Na = 
treated with 3 per cent sodium carbonate. 5 per cent benton- 
ite, 3 rams, temper moisture content. 
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final destruction of bonding capacity remains unal- 
tered in this case (Fig. 14 and 15). The conversion 
into a sodium bentonite (as in the previous cases ) 
does not essentially change the dry strength. 

Corresponding to the similar performance of bond- 
ing capacity depending on temperature, the DTA- 
curves of untreated and treated bentonite do not 
differ (Fig. 16). 


CONCLUSIONS 
The investigations of the author bring the follow- 
ing conclusions to light. They are important for the 
performance knowledge of bentonites as bonding 
agents for foundry sands. 

1. Bentonites of various types may have different ther- 
mal resistance (durability, life ). 

2. By ion exchange, in particular by conversion of 
calcium bentonites into sodium bentonites by acti- 
vation with sodium carbonate, the bentonite can- 
not be fundamentally changed. The temperature 
of final destruction of bonding capacity remains 
unaltered. In most cases, the rate of loss of bonding 
capacity depends on temperature. 

Bentonites with high ion exchangeability have a 

higher thermal resistance than bentonites with low 

ion exchangeability. 

1. Swelling capacity of sodium bentonites is not an 
essential property for use as a foundry sand binder. 
A high swelling capacity of sodium bentonites in- 
dicates a high thermal resistance. 

5. The thermal resistance may be determined in a 
definite manner by differential thermal analysis. The 
position of the second endothermic deflection indi- 
cates the temperature of final destruction of bond- 
ing capacity and recovery properties. A gradual 
decrease of bonding capacity with rising tempera- 
ture affects the trend of the DTA-curves by differ- 
ential thermal analysis. The character of a ben- 
tonite may be determined within 2 hr. The 
investigations of the thermal resistance with test 
mixtures require tests lasting several days. 

6. Green strength of bentonites in the state as deliv- 
ered tells little about the life of the binder in 
question. Bentonites with high initial green strength, 
but poor heat resistance, are less economical in 
the long run in a system sand than bentonites 
with moderate bonding capacity and high thermal 
resistance. The results of these investigations ex- 
press the practical experience with Wyoming ben- 
tonites in the foundry. 
Natural nonswelling calcium bentonites with a 
high rate of ion exchange may, particularly after 
activation with sodium carbonate, be equivalent to 
natural western-type bentonites. Bentonites with 
high initial green strength usually have poor heat 
resistance. 

8. Southern bentonites losing bonding capacity early 
by heating impart good collapsibility to a sand 
and easy shake-out properties. 

9. Shake-out properties and collapsibility are not a 
function of dry strength, but of heat resistance 
and of loss of bonding capacity. For dry molding 
practice, western-type bentonite is recommended. 
Bentonites with quick-base exchange behavior give 
high dry strength. 
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TABLE 5 — MEDITERRANEAN BENTONITE NO. 3 
PROPERTIES WITH WATER 


or c 
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Sodium 
treated 
Hygroscopicity 7.8 7.5 
Initial correct temper moisture content 2.5 2.1 
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Fig. 15—Dry strength vs. heating temperature, investigated 
for same bentonites as with Fig. 14. 105 C, 2 hr. Wyoming 
bentonite shown as reference. 
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Fig. 16—Differential thermal analysis curves of Mediterranean 
bentonite 3: n = natural state, Na = treated with 3 per 
cent sodium carbonate. Curve of Wyoming bentonite shown 
as reference. 
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GATING AND RISERING SHELL-MOLD PATTERN EQUIPMENT 


By 


D. C. Kidney* 


Gating and risering problems confronting the pat- 
tern shop are numerous and diversified. In addition 
to designing the pattern equipment, it is, in most 
cases, the patternmakers duty to gather pertinent 
information about the casting. He must co-ordinate 
the facts so the end result will be a pattern and 
gating system for production of sound castings. 

This paper does not propose a cure-all for gating 
problems. It points out some basic principles which, 
combined with common sense and clear thinking, 
should result in improved shell-mold gating and riser- 
ing practice. 

Aluminum, cast iron, brass, and ductile iron shell 
castings are all a part of our daily production. Cast- 
ings range in size from one ounce to 15 lb. Sectional 
areas vary from 3 32-in. to 1 in. 

The design of the castings we produce, such as 
train control devices, decelostats for passenger trains 
and aircraft, brake valves, and controls used by the 
railroads, demands that they be sound and air tight. 
Effective gating and risering require changes in the 
original design, and sometimes takes precedence 
over dimensional accuracy. 

Since the inception of shell molding in our plant, 
we have built approximately 150 sets of shell patterns. 
Of this group 110 remain active and have been in 
production during the past vear. 

Patterns for use in our operation are made from 
either aluminum or cast iron. Production requirements 
govern the selection of pattern material. Experimental 
and short-run patterns are made from aluminum, while 
high production runs require the use of cast iron 
equipment almost exclusively. 

Warping of plates, rapid wear of surfaces at right 
angles to the parting, and reduced strength of mate- 
rial due to constant reheating, discourage the use of 
aluminum for extended runs. On the other hand, 
cast iron equipment is wear-resistant. Plates, when 
properly annealed, retain their original accuracy. Our 
pattern plates make a maximum size 20-in. x 30-in. 
shell, ranging down to a minimum size of 10-in. x 15-in. 

About 80 per cent of our plates make 15-in. x 
20-in. shells. This size is considered our standard, 
and used whenever practical. 

Pouring tables filled to a depth of three or four 
in. with a coarse grain sand permit the bedding-in 
and weighting-down of shells with a minimum 





*Foreman, Pattern Shop, Westinghouse Air Brake Co., Wil- 
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amount of effort. Gas and heat are allowed to escape 
rapidly through the open sand. Although many 
foundries are successfully backing up shells and using 
vertical gating, we have limited our operation almost 
exclusively to horizontal pouring. 

As design and process engineers become more fa- 
miliar with improved surface finish, and closer tol- 
erances can be obtained in shell molding, inquiries 
about and demands for shell castings will increase. 
This growing demand for castings of this type makes 
it evident that the pattern shop and foundry must 
acquire the know-how to produce them. 

Quality control requires rigid inspection of all shell 
castings. They must be sound, dimensionally accurate, 
and of good appearance. Proper design of patterns 
and gating is necessary to achieve these standards. 
These facts should be considered with the initial 
inquiries concerning shell-mold castings and equip- 
ment to produce them. 


PLANNING GATING SYSTEM 

In planning the gating system, careful considera- 
tion must be given to the pattern parting. A minor 
change in the parting line may create a better location 
for gates and risers. It is important to choose a parting 
so the removal of flashing or fins will be a simple 
operation. 

If gates or risers must be cut, they should be placed 
where projections on the casting will not obstruct a 
straight-through cut-off operation. Ample space should 
be allowed between all parts mounted on the shell 
plate to accomplish this. This provides a better sur- 
face for applying the bonding agent, reduces surface 
deformities due to swells, and helps eliminate thermal 
cracks and break-outs in the shell. 

Close cooperation of foundry personnel is required 
to eliminate much of the trial and error sometimes 
necessary to achieve satisfactory results. During the 
planning stage the patternmaker should consult the 
foundry representative. He should point out areas of 
the casting that may give trouble. A record of gating 
arrangements agreed on should be kept on file for 
future reference as this provides a ready source of 
information, and helps to avoid duplication in the 
future. 

Estimated pattern costs that are too high are some- 
times a result of uncertainty regarding the gating 
arrangement and the possibility of making expensive 
changes. High equipment costs often influence the 
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designer to change to another method of manufacture. 
Careful planning in the initial stage will eliminate 


this need and keep estimates more in line with ac- 
tual costs, 


DESIGNING SHELL GATING 

In designing successful shell gating, careful con- 
sideration must be given to pouring time. Mold cavi- 
ties must be rapidly filled with molten metal. This 
increases the time between beginning of solidification 
and break-down of the shell, and tends to reduce or 
avoid swells in many types of castings. 

Estimating the weight of casting per mold will 
aid in pre-determining the pouring time. Our pour- 
ing times are based on using a standard sprue and 
runner, Previous shell mold production was checked. 
Pouring times are controlled by adjusting the chokes 
in the runner system. 

Gates and risers can be made from a number of 
materials. It is preferred to have the gating system 
made from the same material of which the mounting 
plate is composed. Loosening of gates and _ risers, 
spreading or opening of joints, and increased mainte- 
nance result from using material for gates and risers 
that differ from that of the pattern plate. 

\ few standard sprues made from a wear-resistant 
material with good heat transfer qualities, such as 
cast iron or hard copper, will do for the shell opera- 
tion. The shell operator will change sprues from one 
plate to another. 


SPRUE AND RUNNER BASINS 


Basins used at the base of the sprue and runners 
for the various metals poured can be made standard 
and kept in stock. 

If the gating system is made of component parts, a 
good fit at all joints is essential. Complicated gating 
systems require much less maintenance if cast in one 
piece. 

Whenever possible, it is advisable to use the master, 
or one of the working patterns, to make a sample 
green-sand casting. This is a good check for planned 
gating and risering. Ingates, chokes, and risers should 
be made larger than necessary. Removal of excess 
material is a simple matter if an alteration in the 
gating system is required. 

The patternmaker should have a general knowledge 
of gating for the various castings the foundry pro- 
duces. For aluminum castings a standard 2-in. diam- 
eter sprue is used. A perforated steel strainer 2-1/2- 
in. in diameter, 0.012 in. thick, with perforations 0.076 
in. in diameter, and having about 118 holes per sq 
in., is placed in the shell at the base of the sprue. 
A piece of sheet metal 1 /2-in. larger in diameter than 
the sprue forms the impression for the strainer. 

Metal passes through the strainer into a basin in 
the bottom half of the shell and back up into the 
cope. It passes through an area created by overlap- 
ping projections on the basin with the cope runner. 
The basin at the bottom of the sprue aids in smooth- 
ing the flow of metal. 


USE OF GATES 
Use of several gates, where possible, assists in the 
even distribution of metal, and permits pouring at 
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lower temperatures. Where practical, gating through 
risers will assure the soundness of the casting. To in- 
sure proper feeding of a casting the risers should be 
designed and arranged in the gating system so they 
are the last part of the mold to solidify. Having them 
connected directly to the runner insures that they 
will be the last to be filled with hot metal. 

Blind risers, not connected directly to the runners, 
and top risers should be opened to the atmosphere. 
Our experience indicates that opening risers results 
in better feeding of nonferrous castings. Flat, thin 
castings should be gated with as many fingers as 
practical and poured at reduced temperatures. High- 
pouring temperatures tend to cause rough surfaces 
directly in front of the ingates. 

Objectionable flow marks that are often evident on 
aluminum shell castings can be minimized by making 
finger gates larger than necessary to run the casting. 
All aluminum casting gating systems should be ade- 
quately choked at the base of the sprue to reduce 
pressure in the runner and gates. Choking, plus the 
use of a perforated screen, will eliminate dross inclu- 
sions in the castings. 

The zine that is present in most brass and bronze 
tends to produce dross inclusions. To control these 
inclusions a strainer core is recommended for use at 
the base of the standard sprue. This chokes the sprue 
and reduces dross inclusions in castings. 

Metal in the gating system should be free flowing. 
This can be greatly improved by avoiding abrupt 
changes in direction and use of generous radii at 
critical points. To help eliminate agitation of metal, 
free drop into ingates and mold cavities should be 
reduced as much as possible. 

Castings that require a minimum of feeding can 
be fed soundly by backing up the ingates to the top 
of the runner. Backed-up gates and risers should be 
placed as close to the casting as possible as_ this 
improves feeding action. Side and top risers are used 
to feed heavy sections that cannot be fed by the 
runner. Risers not connected directly to the runner 
should be opened to the atmosphere. This seems to 
help in feeding the casting. 

For light castings, an overflow opposite the ingate, 
and open to the atmosphere, will help avoid misruns 
by permitting trapped gas to escape. Gating into 
sections not too heavy should be done, as well as 
feeding from these gates. When extremely heavy sec- 
tions are encountered, separate risers should be added 
to feed the critical areas. 


PRESSURE-TYPE GATING 

The direct pressure-type gating system is generally 
used for cast iron. This type of gate requires the 
area of the runner to be greater than that of the 
ingates. Special attention must be given heavy sec- 
tions to eliminate shrinkage. Direct, or top, risers are 
nearly always used to avoid trouble in these areas. 
Side risers, although not as effective, may be used 
where top risers are not practical. 

A basin is placed at the bottom of the sprue to 
aid in subduing turbulence. Flat, or knife, gates seem 
to give the best results in nearly all applications. 
Ingates are placed in the cope permitting a smoother 
flow of metal by eliminating cross-over. 
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Free drop into mold cavities should be eliminated 
as much as possible by causing metal to flow over the 
contour and gradually fill deeper parts of the mold. 
It must be kept in mind that ingates should be large 
enough to avoid spurting action, and small enough 
to choke the runner. In by-passing that last ingate 
with the runner, a good trap is formed for any inclu- 
sions entering the shell with the initial surge of metal. 

In addition to the conventional pressure-type gate, 
the Connor block can be used in many applications. 
Although its use is limited, there are many possibili- 
ties for it. It is particularly adaptable to flat-back 
castings of small size. The block which is either 
square or rectangular is placed entirely in the cope 
and overlaps the edge of the mold cavity 1/16-in. 
Increasing the overlap to more than 1/16-in. frequent- 
ly results in pin holes in that area. 

The usual method is to use the standard sprue and 
runner with ingates entering the block at right angles 
to the runner. The size of the block should be ap- 
proximately one-third the mass of the casting. It is 
good practice to make the block larger than necessary 
in order to assure enough pressure to fill the mold 
cavity. 

In some instances, the runner may be used as a 
Connor block. This is done by extending projections 
the same height as the runner at right angles to the 
initial flow of metal, and overlapping each pattern 
the required amount. Castings are easily removed from 
this gate leaving a small indentation at the location 
of the overlap. Variations of this type gate are many 
and limited only to casting design. 


Direct- and Indirect-Pressure Type 

Both direct and indirect pressure type gates are 
used for ductile iron. We use our standard 2-in. 
sprue. A basin 2-in. in diameter, and 1-1/4-in. deep 
is placed at the bottom of it. The runner and in- 
gates are placed in the cope to aid in trapping slag 
and reducing turbulence. 

The portion of the runner attached to the sprue is 
the choke area. Immediately after the choke area is 
a slag trap. The slag trap is usually about three times 
as high as the runner, and about twice as long as 
the choked area. 

Following the trap, the runner is choked once 
more as added protection against inclusions. In the 
direct-pressure method of gating, ingates enter the 
mold cavity directly from the runner. In the indirect- 
pressure type of gate an ingate from the runner enters 
a riser which feeds the casting. 

The height of runners will vary in ductile iron 
gating depending on the size of the ingates. Where 
they are attached to the casting, ingates and risers 
should be kept open. Necking down these areas in- 
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variably results in shrinkage. Side risering is the 
most effective method of feeding heavy-sectioned 
ductile iron castings, and usually simplifies the cut- 
off operation. 

The majority of ductile iron gates and risers must 
be removed by chipping or cutting off. These are 
expensive operations in the foundry cleaning rooms, 
so careful consideration should be given the selection 
of the area to which gates and risers will be attached. 


PLACING GATES AND RISERS 

Placing of gates and risers where a_ projection 
on the casting might obstruct a straight cut-off op- 
eration, should be avoided. A simple, straight- 
through operation should be provided. This will tend 
to avoid scrap by helping to eliminate the possibility 
of cutting into the casting itself. 

The Connor-block riser may be used effectively for 
light, flat-back ductile iron work. The advantage of this 
type gate or riser is the reduction of cleaning costs 
due to the easy removal from castings. 


SUMMARY 

When designing or building a gating system for 
shell patterns, it would be well to keep these facts 
in mind: 

1. Whenever possible, work closely with the 

foundry in planning the equipment. 

2. Make a trial run in green sand. This will allow 
corrective action to be taken before an expensive 
gating arrangement is assembled. 

Standardize as many items as possible such as 

sprues, basins, runners, and strainer gates. Stand- 

ardization here can result in work simplification 

and substantial savings in pattern equipment. 

4. To smooth the flow of metal, avoid crossing 
over ingates with the runner. 

5. Place a basin at the bottom of the sprue. This 
reduces turbulence and aspiratory action. 

6. Extend runners past ingates to form a bypass 

to trap inclusions. 

Round corners on gates and runners with sub- 

stantial radii for additional mold strength. 
Avoid excessive free drop of metal into gates 
and mold cavities. 

9. Arrange the gating system to permit short pour- 

ing times. 

10. Do not crowd patterns and gates. Use material 
for gating that is compatable with the mounting 
plate. 

With the use of a few basic principles, cooperative 
action with the foundry, and some careful thought, 
much trial and error can be eliminated. Many gating 
problems can be solved in the pattern shop before 
production begins. 


Co 





SODIUM SILICATES FOR THE CO2 PROCESS 
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ABSTRACT 

The chemistry of the CQ»s-Sodium Silicate Process 
for bonding foundry sand was investigated with partic- 
ular attention given to the composition of the sodium 
silicate, CO» utilization, and drying procedures. 

The rate at which strength develops with COs» is de- 
pendent on the Si02/NavO ratio of the sodium silicate. 
The maximum strength developed with CO», is depend- 
ent on the SiO0./H2O ratio of the sodium silicate and 
can be as high as 500 psi. Drying ungassed sand mix- 
tures will produce strengths in excess of 2000 psi. But 
the dry strength of sand which has been gassed with 
CO» is dependent upon the composition of the sodium 
silicate and the gassing time; dry strength can be less 
than the gassed strength. 

The amount of COs necessary to develop maximum 
gassed strength is that required to increase the SiQ»/ 
NavO ratio of the sodium silicate to 4. However, at low 
CO. flow rates the sodium silicate will absorb an amount 
of COs equivalent to 1.0 to 1.5 times the amount of 
Na,O present. The efficiency of the COs gassing proc- 
ess can be greatly increased by diluting the CO» with air. 


INTRODUCTION 

Sand mixed with sodium silicate solutions can be 
hardened by exposure to COs in a matter of seconds. 
This short time required to develop a level of strength 
sufficient for molds and cores is a most important 
advantage over conventional methods which require 
hours of baking time. For a great many applications 
of this CO. process a rammed core or mold can be 
prepared in a matter of seconds rather than minutes 
or hours and without a baking period. Many tech- 
niques using commercial formulations have been de- 
scribed '*:*, but the inherent flexibility of the process 
can only be utilized by foundrymen having a knowl- 
edge of the importance of the parameters involved. 

It was the purpose of this investigation to deter- 
mine the strength characteristics of the sand mixture 
that are related to the composition of the sodium 
silicate solution and to evaluate such factors as mix- 
ing order, CO, flow rate, and drying techniques. 


CHEMISTRY OF THE CO. PROCESS 
The most important material involved in the CO, 
process is the bonding agent, so it is appropriate to 
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briefly discuss the composition and physical properties 
of commercial sodium silicate solutions using the meth- 
od of manufacture as a starting point*. 

The most common method for manufacturing solu- 
ble sodium silicates is to heat mixtures of sodium 
carbonate and silica sand in open hearth type fur- 
naces. The sodium carbonate begins to decompose 
at 730 F and COs gas is driven off. Fusion of the 
resulting soda with the silica sand occurs about 1380 
F. But the temperature is slowly raised to 2550 F 
to complete the reaction in a short period of time 
and produce a fluid molten glass. The molten glass is 
then either quenched directly into water and slowly 
dissolved at atmospheric pressure, or chilled to a solid 
and subsequently dissolved in water under 100 psi 
steam pressure. Both dissolving methods require close 
control. 

Sodium silicate solutions having viscosities compar- 
able to the viscosities of light to heavy syrups and 
also some solid hydrates, are produced from glasses 
with SiO./Na.,O ratios from 1.6 to 3.75. Solid hy- 
drates of low ratio sodium silicates dissolve quite 
readily, but solid hydrates of high ratio silicates and 
anhydrous glasses dissolve very slowly at atmospheric 
pressure. 

The relationships between the density and the com- 
position of sodium silicate solutions have been exten- 
sively investigated. Knowing any two of the four 
factors (per cent sodium oxide, per cent silica, density, 
or SiO./Na.O ratio) the other factors can readily 
be determined by means of the graph in Fig. 1. The 
relationships in Fig. 1 are valid only for 68 F as the 
density is affected by temperature. Density determina- 
tions with hydrometers require special care to avoid 
having any of the heavy liquid on the stem of the 
hydrometer above the measuring surface. 

The physical chemistry of sodium silicate solutions 
is related to the amount of material that dissociates 
as ions and the amount that exists as a colloid. Vapor 
pressure is a property that is very sensitive to the 
degree of subdivision of solutes, and comparisons of 
the vapor pressures of sodium silicate solutions can 
be used to indicate the colloidal nature of the vari- 
ous sodium silicates. 
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The curves in Fig. 2 show that high ratio sodium 
silicate solutions contain more colloidal material than 
low ratio sodium silicate solutions because the vapor 
pressure of the former solutions is less affected by 
increasing concentration than the latter solutions. The 
cloudy appearance of sodium silicate solutions is also 
indicative of the presence of colloidal particles. Much 
of the sodium silicate in commercial solutions is truly 
in solution, however, and chemical reactions with 
acids are basically ionic in nature and very rapid. The 
overall reaction rate between CO. gas and viscous 
sodium silicate solutions may be slow, however, due 
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Fig. 1—Relationship between density (°Be’) and composition of 
sodium silicate solutions at 68 F. 
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Fig. 2-—Illustrating the colloidal nature of sodium silicate 
solutions by reduction in vapor pressure. 
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to the great increase in viscosity which decreases the 
rate of diffusion. 

The curves in Fig. 3 illustrate the relationship be- 
tween viscosity and concentration of sodium silicate 
solutions having various SiO. NasO ratios. It can 
readily be seen that the viscosities of high ratio so- 
dium silicate solutions rise much faster with increas- 
ing concentration than do the viscosities of low ratio 
sodium silicate solutions. The moisture content of the 
sand, addition of hygroscopic materials, and loss of 
small amounts of water during mixing would thus 
be more critical when using high-ratio sodium silicates 
than when using low-ratio sodium silicates. The curves 
terminate with a SiO. NasO ratio of 4.0 as solutions 
having SiO./NasO ratios greater than 4.0 are either 
unstable liquids or gels at all concentrations. 

The addition of NasCO, to sodium silicate solutions 
in the proportion which would be obtained from ab- 
sorption and reaction with CO. would not in itself 
cause a notable increase in viscosity. 

The addition of acids, such as carbonic acid from 
the solution of CO. gas in effect increases the SiO» 
Na,O ratio by immobilizing some of the Na,O as 
NasCO; which causes a drastic change in viscosity. 
The change in viscosity is attributed to aggregation 
of the silica particles into larger and larger particles 
which retain quantities of sodium ions and tend to re- 
main in solution. Eventually, the aggregates gel and 
the gels by themselves tend to give off water by a 
process called syneresis which can occur over a period 
of hours or days depending on the conditions. 

The quantity of COQ, necessary to change the vis- 
cosity of a sodium silicate solution which is initially 
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Fig. 3—Illustrating the effect of concentration on viscosity of 
sodium silicate solutions. 
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less than 100 poises to a viscosity of 10,000 poises, 
equivalent to the viscosity of a stiff tar, depends 
upon the composition of the sodium silicate solution. 
Solutions of low-ratio sodium silicates require more 
CO, than solutions of high-ratio silicates, both having 
the same initial viscosity. These composition and vis- 
cosity changes can best be visualized with the aid 
of a triangular plot of the three constituents of the 
solutions, Fig. 4, giving the nature of the solutions 
in the various regions. 

The composition change due to a reaction with an 
acid will follow on a line drawn from the NaoO 
corner through the initial composition point. The addi- 
tion or removal of water to a solution will cause the 
composition to change along a line drawn from the 
H.O corner through the initial composition point. 
It can be seen that very high viscosity solutions can 
be obtained by either a reaction with an acid or by 
removal of a small amount of water, but the glasses 
can only be obtained by appreciable reduction in 
water content. 

The addition of sugars to sodium silicate solutions 
used for bonding core sand is common practice. The 
sugars act as hygroscopic agents and reportedly aid 
in the breaking of the silicate bond after exposure to 
molten metal temperatures. Common sugar (cane or 
beet) is sucrose having the formula C;2 HooO)). 

Invert sugar is a 50-50 mixture of dextrose 
and levulose both having the formula C,H,.Ox,. In- 
vert sugar is generally made by hydrolyzing sucrose 
with an acid which splits the sucrose molecule and 
adds one molecule of water. Three types of liquid 
invert sugars are marketed which have different pro- 
portions of invert sugar. 

The range of compositions for each type of invert 
sugar and sucrose sugar are given in Table 1. Several 
grades depending on color and purity are marketed. 
Liquid sugars having a low pH value or containing 
an excessive quantity of salts tend to react with 
sodium silicate solutions. This drastically limits the 
storage life of a proposed mixture of sugar and silicate. 
However, mixtures which are used immediately can 
probably utilize the lower grade, less costly sugars. 

Liquid sugars of the medium invert type contain 
the highest quantity of solid material without crvys- 
talizing at ambient temperatures, and are hygroscopic. 
These two properties make medium invert sugars the 
most desirable type for use as addition agents to 
sodium silicate solutions. Sugars do not directly enter 
into the aggregation reaction of sodium silicates and 
do not influence the rate of reactions’. The effect of 
their presence, in so far as the CO, reaction is con- 
cerned, is purely one of dilution of the sodium sili- 
cate without the deleterious effects produced by an 
equivalent amount of water. 


MATERIALS AND APPARATUS 


The materials used for this investigation were: com- 
mercial grades of sodium silicate solutions, chemical 
compositions listed in Table 2; a silica sand, screen 
distribution listed in Table 3; and a medium invert 
liquid sugar containing 76 per cent solids with a 
density of 11.6 lb per gallon. A schematic diagram 
of the COs gassing apparatus is shown in Fig. 5. The 
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CO. flow rates were measured by means of calibrated 
rotometers. 

A high flow rate, 0.3 cfm, was used for the experi- 
ments conducted to determine the overall reaction 
rate of the various sodium silicate solutions. A low 
flow rate, 114 cc per min., was used for the experi- 
ments conducted to determine the amount of CO. 
utilized when the reaction rate was not a controlling 
factor. For a 155 gm sand sample the high flow rate 
was equivalent to 11 wt per cent per/min and the 
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Fig. 4—Physical characteristics of sodium silicate solutions. 


TABLE 1 — COMPOSITION OF LIQUID SUGARS 





Invert Sugars, 
“> of Solids 


Sucrose 66 0+... 6:5 
Low 66 9 —20 
Medium 74—7 90 —T75 
High (Total 70-7 75 -—99 


Type of 
Liquid Sugar 


Total Solids Content, 





TABLE 2 — COMPOSITION OF SODIUM SILICATES 


NasO, —SiOr, H.O SiO02/Na2O SiOe/H2O 
Wt. Wt. Wt. Wt. Wt. 
Type*® Ratio Ratio Ratio Ratio Ratio_ 


\ 14.4 .00 0.515 
B 13.9 .38 0.625 
BC 12.4 60 0.584 
® 10.9 90 0.550 
D 9.03 20 0.465 
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°All are commercial solutions except BC which was a 50-50 
mixture of types B and C. 





TABLE 3 — SIEVE ANALYSIS OF WASHED SILICA SAND 





Sieve Percent 


through 30 on 40 
through 40 on 50 
through 50 on 70 
through 70 on 100 
through 100 on 140 
through 149 on 200 
through 200 on 270 
through 270 on Pan 


Median Size 182 
Sorting Coefficient 1.176 
Skewness Coefficient _ 0.927 
Specific Surface - 208 
Grain Fineness Number — 80.8 
Moisture 0.1% 
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low flow rate was equivalent to 0.143 wt per cent 
per min. A spacer block was used in the ramming 
tube for the low COs. flow rate experiments to de- 
crease the volume of air in the system. A down 
stream rotometer was not used for the high flow rate 
experiments as the amount of COs absorbed was only 
1 small fraction of the total flow. 


MIXING ORDER 


The sodium silicate solutions suitable for sand bind- 
ers are quite sticky, and proper distribution is neces- 
sary to develop the maximum number of bonds be 
tween the sand particles. However, if the sand is 
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Fig. 5—Arrangement for measuring gas flow into and out of 
sand specimen. 
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very dry or drying occurs during the mixing cycle 
When this 


occurs the silicate does not wet the sand grains and 


the silicate will become very viscous 
the sand will feel dry. 

Four different mixing sequences were initially tried 
to determine the proper mixing order of ingredients. 
The sodium silicate having a mid-range ratio, SiO 
Na,O of 2.38, was used and compressive strengths of 
the various mixes were determined for gassing times 
extended to 200 seconds. The mixing procedures and 
resulting gassed strengths are given in Fig. 6. The 
data in Fig. 6 show that a sand mixture prepared by 
adding the silicate, syrup, and water to the sand and 
then mixing for 3 minutes developed a higher gassed 
strength than sand mixtures prepared by mixing the 
ingredients separately with the sand or premixing the 
liquid ingredients and then adding the composite liq- 
uid to the sand. All subsequent mixtures were pre- 
pared by the former method. 


CO. GASSED STRENGTH 

It was pointed out in the previous section that high 
viscosity liquids or gels can be obtained by gassing 
with CO., by drying, or by a combination of both 
gassing and drying. The sand bonding characteristics 
derived by these two processes were investigated for 
commercial sodium silicate solutions having SiO» 
Na,O ratios equal to 2.00, 2.38, 2.60, 2.90 and 3.20. 
The sand mixtures contained 7 per cent sodium sili- 
cate solution, 1 per cent liquid sugar and no added 
water. The seemingly large addition of sodium silicate, 
7 per cent, was necessary to obtain reproducible re- 
sults with the silicates having the higher ratios with- 
out adding water. So 7 per cent was made the stand- 
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Fig. 7—Illustrating bonding characteristics of sodium silicate 


with Si02/Na2O0 = 2.00. 
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ard addition for these tests. Standard 2 x 2-in. test 
specimens were rammed and gassed at a CO. flow 
rate of 0.3 cfm. 

Specimens for gassed strength were tested immedi- 
ately. Specimens for the 24 hr strengths were dried 
at ambient conditions of temperature and humidity. 
The compressive strengths obtained are presented 
graphically in Fig. 7-11. 

The first apparent observation from an examination 
of the compressive strength vs gassing time curves in 
Fig. 7-11, is that all of the gassed strength curves and 
all of the 24 hr strength curves have the same char- 
acteristic shapes. Compressive strength developed 
very rapidly in the first 10-60 seconds of the gassing 
period and then remained at the same relative level. 
When the samples were aged for 24 hr after gassing, 
the strength-gassing time relationship was just the 
reverse. Very high strength levels were obtained only 
when samples were gassed for periods less than 10-60 
seconds, depending on the silicate. 

At longer gassing times the 24 hr strength decreased 
and became appreciably less than the gassed strength. 
The rate at which the strength levels change with 
gassing time is important and varies with the SiQz 
Na,O ratio of the sodium silicate solution. High ratio 
silicates developed gas strength at faster rates than 
low-ratio silicates, but 24 hr strengths of the high-ratio 
silicates were very low, 100 psi, when initially gassed 
for periods longer than 20 seconds. 

The variation in the basic strength characteristics 
of the different sodium silicates give flexibility to the 
COs. process and custom binders can be compounded 
for each application. If a core or mold is to be used 
immediately and a short gassing period is desired, 
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Fig. 8—Illustrating the bonding characteristics of sodium sili- 
cate with Si02/Na20 = 2.38. 
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the high ratio silicates (2.60 to 2.90)are most appro- 
priate. But if strengths greater than 1000 psi or 
good shelf-life are desired the low-ratio silicates (2.0- 
2.4) are most appropriate. 
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Fig. 9—Illustrating the bonding characteristics of sodium sili- 
cate with Si00/NacO = 2.60. 
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Fig. 10—Illustrating the bonding characteristics of sodium sili- 
cate with Si02/Na20 = 2.90. 
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Sand mixtures bonded with low-ratio sodium silicate 
solutions require a longer gassing time to attain a 
usable compressive strength than sands bonded with 
high-ratio silicates because they normally have higher 
Na-O contents and a greater amount of NaoO must 
be reacted to attain a high level of viscosity. In Fig 
12 a comparison is made between the actual gassing 
times to reach 200 psi compressive strengths for sands 
bonded with the five commercial sodium silicate solu- 
tions (see Fig. 7-11) and the calculated amount of 
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Fig. 11—Illustrating the bonding characteristics of sodium sili- 
cate with Si02/Na2O = 3.20. 
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Na,O reacted, or amount of COs required, for attain- 
ing a viscosity of 10,000 poises (see Fig. 4). Pertinent 
data for the calculated values in Fig. 12 are given 
in Table 4. 

The actual amount of CO 
How rate of CO. was determined for a sand mixture 
containing 5 per cent of type B silicate and 1 per 


reacted with a high 


cent of liquid sugar by weighing a standard compres- 
sive strength specimen before and after gassing. The 
amount of water removed by the excess CO. flow 
through the sand was obtained by drying the speci- 
mens at 110 C (230 F) and determining the difter- 
ence in weight loss for the various gassing periods. 
The data obtained are presented in Table 5. The 
calculated compositions of the sodium silicate after 
the various gassing periods indicate that a viscosity 
greater than 10,000 poises was attained and the SiO» 
Na.O ratio approached 4. 

\ volumetric method was also used to determine 
the amount of COs reacted, but the flow rate of COs» 
was low enough to control the rate of absorption. A 
series of experiments was performed with sand mix- 
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Fig. 13—Comparing amount of CO» absorbed by various sodium 
silicates at low CO» flow rate. 
Sand mixture: 92 per cent silica sand, 7 per cent sodium sili- 
cate, 1 per cent liquid sugar. 


TABLE 4 — CALCULATED CO, REQUIRED TO OBTAIN A 
VISCOSITY OF 10,000 POISES WITH COMMERCIAL 
SODIUM SILICATE SOLUTIONS 








Gms. 
NaeO® ’ 


Reacts d pel 


NavO Content, ‘ 


SiO» NavOd \t 10.000 100 ems 
ype Wt. Ratio Initial Poises® Solution 
\ 2.00 14.4 99 57 
B 2.38 13.9 10.9 3.4 
B-( 2.60 12.4 10.1 26 
C 2.90 10.9 9.6 1.6 
D 3.20 90 82 0.93 


*Data trom Fig. 4. 


°°Gms. NavO/100 gms Solution 100 in.* COs/Ib Solution. 





TABLE 5—COMPOSITION OF SODIUM SILICATE 
AFTER GASSING WITH CO,° 





Incre ase 
CO: in Wt.** 
Gassing __ After Wt Wt Composition of 
Time, Gassing, Loss at CO: Pick Sodium Silicate 
Sec. gms. 110C, gms. up, gms NazO SiO: oO 
0 0.0_ 1.17 0.0 13.9 33.1 53.0 
30 0.17 4.12 0.22 10.4 34.7 54.9 
60 0.20 4.09 0.28 9.4 35.2 55.4 
120 0.15 4.00 0.32 SS 36.0 52.2 
200 0.0 3.89 0.28 9S 36.6 53.6 
° Flow rate 0.3 cfm 
°° Total initial wt. 155 gms. 


Composition: 5% Type B Sodium Silicate 
1% Liquid Sugar 
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tures containing the five types of sodium silicates 
using a CO, flow rate of 114 ce per min. With this 
low How rate the amount of CO. absorbed could be 
accurately determined with the experimental apparat- 
us shown in Fig. 5. Pertinent data obtained are shown 
graphically in Fig. 13. 

The amount of CO. absorbed when the flow rate 
limited the rate of absorption was three to five times 
that necessary to develop maximum gassed strength at 
higher flow rates. The decreased amount of CO. in 
all but one case, type C silicate, was more than enough 
to completely react with all of the NasO present. 
This is not likely to be the case, as SiO. has a great 
affinity for NasO and the excess CO. is probably 
held in solution. The data do indicate, however, 
that gassing at low flow rates or for long periods of 
time, excessive amounts of COs. will be required to 
develop maximum strength throughout the sand mass. 
Compressive strength curves comparable to those 
shown in Fig. 7-11 were also obtained at the low 
CO, flow rate, and maximum strengths were attained 
at approximately 5 minutes of gassing time for all of 
the sand mixtures. 

The maximum strength of a sand mixture obtained 
by the CO, reaction is dependent on such factors 
as distribution of the sodium silicate, percentage of 
sodium silicate, surface area of the sand, density of 
sand mixture, and loss of moisture during mixing 
as well as the composition of the sodium silicate. The 
variables related to the type of sand used and the 
ramming procedures, can be more advantageously 
determined for individual foundry practices, but the 
strength factors related to the composition of the so- 
dium silicate will be common to all practices. 

Strength of the bonding material itself is obtained 
by age’ egation of the silica in the binder. So the 
amount of water held by the aggregates is important, 
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Fig. 14—Illustrating the relationship between compressive 
strength after two minutes gassing with COs and the SiO»:/ 
H2O ratio of the sodium silicate. Upper curve for sand with 7 
per cent commercial sodium silicates. Lower curve for sand 
with 5 per cent of B silicate plus indicated percentages of 
water. 
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and a correlation between compressive strength ob- 
tained by the CO, reaction and the SiO./H.O ratio 
of the binder would be expected. The relationship 
between compressive strength and water content of 
sands bonded with 7 per cent of the various sodium 
silicates is shown by the upper curve in Fig. 14. A 
closer relationship, lower curve in Fig. 14, was ob- 
tained when various amounts of water were added to 
the same sodium silicate. 

Except for the case where the sodium silicate does 
not properly wet the sand because of initial high 
viscosity or high viscosity resulting from dehydration 
during mixing, added water will decrease the strength 
obtained by gassing with CO,. Poor wetting or dis- 
tribution is most apt to occur with high ratio silicates. 
So from a basic viewpoint, higher gassed strengths 
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Fig. 15—Weight change of sodium silicate bonded sand aged 
in dry air and saturated air for extended time period. Sand 
contained 7 per cent sodium silicate with Si0./Na,0 = 2.38 
and | per cent liquid syrup. 
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Fig. 16—Water content of ungassed sodium silicate sand mix- 
tures after drying at 110 C (230 F). Mixture contained 5 per 
cent sodium silicate (Si02./Na2O = 2.38) and 1 per cent liquid 
sugar (79 per cent solids). 
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Fig. 17—Illustrating compressive 
strength of sodium silicate bonded 
sand after drying at 110 C (230 F). 
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can be obtained with the low ratio silicates (Na,2O 
SiOz, to 2.0-2.4) than with the high ratio silicates 
( NasO / SiOz, to 2.6 to 3.2). 


DRY STRENGTH 


The compressive strength of sodium silicate bonded 
sand that was allowed to air dry after gassing with 
CO. was found to be dependent on the type of 
base silicate used and the gassing time, Fig. 7-11. 
When sand samples were dried for periods greater 
than 24 hr the compressive strengths were of the 
same order of magnitude as the 24 hr samples, but 
the values were inconsistent. It was suspected that the 
moisture content of the air was affecting the strength, 
sO an experiment was performed to determine the 
effect that an extreme range of moisture content of 
the air would have on the weight and compressive 
strength of samples aged to equilibrium conditions. 
Standard compressive strength samples were gassed 
for 0, 30, and 200 seconds and placed in desiccators 
containing either a drying agent or water. The sam- 
ples were weighed periodically, and after 40 days they 
were tested for compressive strength. The results of 
the test are shown in Fig. 15. 

Gassing time had little effect on the amount of 
water that was absorbed or removed during the aging 
period. Most of the moisture in the sand mixtures 
aged in dry air was removed during the first 24 hr, 
but a small amount of drying continued up to the 
end of the test period of 40 days. The samples aged 
in saturated air continually absorbed water, and after 
40 days the sand had absorbed an amount of water 
equal to the original weight of sodium silicate, 7 per 
cent. Despite this great increase in moisture content 
the compressive strength of the weakest specimen, 
the one gassed for 200 seconds, was still 210 psi. 

The compressive strength of the ungassed specimen 
aged in saturated air was a surprising 390 psi. This 
anomalous behavior was probably due either to trans- 
fer of CO, from the gassed samples or reaction with 
the sugar during the 40 day aging period. The results 
of these tests indicate that aging sodium silicate bond- 
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ed sand under ambient conditions can cause as much 
as a five-fold variation in compressive strength depend- 
ing on the moisture content of the air and the aging 
time, and an equilibrium condition may not be at- 
tained even after a 40 day period. 

In order to eliminate the variable of the moisture 
content of the air, a series of experiments was con- 
ducted under closely controlled drying conditions. 
Compressive strength samples from sand mixtures 
containing 5 per cent type B sodium silicate, 1 per 
cent liquid sugar, and various amounts of added water 
were dried in an oven held at 110 C (230 F) with 
dry air circulation. 

One set of specimens was not gassed with CO, 
and the other set of specimens was gassed for 60 
seconds. The amount of water removed after 2 hr 
and after 24 hr was determined for the ungassed 
specimens, and the amount of water remaining in the 
specimens is shown in Fig. 16. It can be seen that 
most of the water was removed in the 2 hr drying 
period. If the water remaining is considered to be 
all related to the sodium silicate, the water content 
of the binder itself, after 2 hr drying, was between 
23.4 per cent and 36.3 per cent. After 24 hr drying 
the water content was between 6.8 per cent and 
18.4 per cent. Sodium silicates with such water con- 
tents are in the regions of semisolids, dehydrated liq- 
uids, and glasses ( Fig. 4). 

The increase in strength resulting from the removal 
of water is illustrated in Fig. 17. Maximum dry 
strength was developed after 2 hr of drying at 110 
C ( 230 F) and did not appreciably change with 
longer drying times. The addition of 0.5 per cent 
water did not affect the drying time required to attain 
maximum strength, but the addition of 1 per cent 
water increased that time about 1/2-hr. The addition 
of 0.5 per cent or 1.0 per cent water to ungassed 
sand did not affect the magnitude of dry strength 
(2000-2800 psi), but 1 per cent water addition de- 
creased sand dry strength which was gassed 1 min. 

The sand which had been gassed with CO, in- 
creased in strength about 200 psi with drying. Samples 
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gassed for a longer period of time or samples with 
high ratio silicates would probably have decreased in 
strength after drying. The humidity of the air during 
the drying process, even at 110 C (230 F) is very 
important. Sand that is placed in an overloaded oven 
or in an oven with limited circulation will not develop 
the high level of strengths shown in Fig. 17. Hot, 
dry air blown through the sand can shorten the 
drying period. 


CO. AND AIR MIXTURES 


The rapid rate at which strength is developed with 
CO, is the prime attribute of sand bonded with sodi- 
um silicate. In the preceding experiments it was 
noted that only a small portion of the CO. passing 
through the sand is actually absorbed at high gas 
flow rates. Distribution of the gas through the sand 
is thus the factor most affecting efficient utilization 
of COs, so an attempt to increase the efficiency of 
CO, utilization was made by diluting the CO, with 
air, 

Compressive strength gassing time relationships 
were determined for sand containing 5 per cent type 
B sodium silicate and 1 per cent liquid sugar at three 
different flow rates, 0.3 cfm, 0.1 cfm, and 0.05 cfm, of 
100 per cent COs, 50 per cent CO, and 20 per cent 
CO,. The gassing times that were required to develop 
compressive strengths of 100 psi and 200 psi are 
shown in Fig. 18. 

The times required to develop 100 psi and 200 psi 
compressive strength were little affected by gas flow 
rates between 28 and 165 cu in. per min per sq in. 
using 100 per cent COs. When the gas contained 
SO) per cent COs, longer gassing times were required, 
but the increase in time was less than the proportional 
reduction of CO. used ( particularly at high flow rates). 
The effect produced by diluting the COz still further 
to 20 per cent was dependent on the total flow rate. 
At low flow rates the gassing times to attain the 
respective strength levels were increased only 20 to 
30 per cent, but at the high flow rates the gassing 
times were increased about 600 per cent. This ap- 
parent anomalous behavior may have been due to 
a drying action at the high flow rate which would 
not only reduce the proportion of solvent available, 
but also increase viscosity. Lower water content at 
high viscosity would greatly retard the absorption rate 
of COs. However, with proper control for applica- 
tions not requiring the maximum rate of hardening, 
dilution of CO, with air to concentrations of 50 per 
cent or even 20 per cent can be used to increase the 
efficiency of the CO, process. 


SUMMARY 


The results of this investigation have provided 
information which may be directly applied to prac- 
tical applications of the CO, process. Implications 
of immediate practical importance were incorporated 
in the body of the report, so only the conclusions 
related to basic parameters will be stated: 

1) The rate at which sand mixtures develop strength 
with COs. increases with increase in the SiOz. 
Na.2O ratio of the sodium silicate. 

2) The maximum gassed strength attained increases 
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Fig. 18—Effect of CO, concentration and flow rate on gassing 
time to attain 100 psi and 200 psi compressive strength. 
Sand mixture: 94 per cent silica sand, 5 per cent sodium 
silicate, with Si0./Na20 = 2.38, and 1 per cent liquid sugar. 
with increase in the SiO./H.O ratio of the sodi- 
um silicate. 
The gassed strength of sands bonded with sodium 
silicate having high SiO./Na2,O ratios is limited 
because the viscosity of high ratio silicates is sensi- 
tive to concentration. 
The dry strength of sand bonded sodium silicate is 
dependent upon the composition of the sodium sili- 
cate and the CO. gassing time. 
The humidity of the air during an aging period 
has a great effect on the strength of sand bonded 
with sodium silicates. 
The efficiency of the CO. gassing process may 
be significantly increased by diluting the CO, 
with air. 
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NOISE INDUCED HEARING LOSS 


By 


Eugene L. Walsh, M. D.* 


The subject of noise induced deafness is becoming 
trite; it appears on so many scientific programs. It is 
the impact of legal attention in compensation claims, 
the medical interest in the ails of man, and the sin- 
cere desire of most employers to produce a “safe place 
to work” that demands continuance of the inquiry. 
From the medical viewpoint, deafness due to exces- 
sive noise exposure is permanent. The only treatment 
is prevention. Therefore, we continue our appeal to 
the industrialist to help in this phase of preventive 
medicine. 

Beside the moral obligation of management to pre- 
vent injury, occupational disease, or deafness due to 
noise exposure, there is also a financial incentive in- 
volved. It is true that states which now include occu- 
pational deafness in the workmen's compensation 
schedule require a six months removal from exposure 
before the amount of compensation will be determin- 
ed. This is done in order to evaluate the degree of 
hearing loss and to prevent a flood of claims. Neverthe- 
less it should be borne in mind that any employee who 
has left his employment for any reason can, after six 
months from the time of such severance, file a claim 
for hearing loss. 

Since we admit inability to correct the damage to 
the nerve of hearing once it occurs, you might ask if 
it is possible to select those who might be noise sus- 
ceptible. The question could be dodged by stating 
that man is a polyhybrid animal, living in an envi- 
ronment of innumerable, ever changing, and uncon- 
trollable variables. Therefore, observations of pure 
cause and effect relationship have a low order of stat- 
istical validity. If the question is pursued further, we 
will say we have some rather elaborate tests which 
might select the individual more susceptible to noise 
induced hearing loss. These tests are, however, not 
absolute, nor are most of them simple enough to be of 
practical value. So again, we come to the point of pre- 
vention of the disorder since selection is improbable. 
Hence don't count on avoiding preventive control of 
noise by trying to hire men not noise susceptible. 


WHAT IS NOISE? 


Before discussing prevention, let us briefly review 
the problem. First, what is noise? One definition is that 
“noise is unwanted sound.” The unwanted will bear 
further discussion. Man is a gregarious, adaptive ani- 
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mal. Place him in an anechoic chamber (a soundless 
room) for some length of time and most will feel 
isolated, insecure, and out of The 
old adage “silence is deafening” is appropriate. Man 
has developed in an environment of and accept back- 
ground noise as a wanted sound. It gives him a sense 
of contact. Many have Hi-Fi sets and play them to 
capacity, blatting out as much as 100 decibels of 
questionable harmony to others, particularly, neigh- 
bors. This is unwanted and sometimes even detrim- 
ental to good interpersonal relationships. 

Why do some of people like the hustle and bustle 
of the city or a noisy job? Because it satisfies a gre- 


uneasy, contact. 


garious urge to be around people. One may even say 
that some enjoy being a “big noise,” at least insofar 
as a part of a job is concerned. It supports man’s ego 
in being heard. Some workers clamoring for recogni- 
tion and a sense of power have this quality as an un- 
conscious substitute for action or reaction. 

But let us get down to sound business decisions: 
You will have as much noise control as top manage- 
ment wants. .no more, no less! And believe it 
or not, it usually will cost more not to do anything 
about noise than to do something about it. 

You foundrymen know that if you dont do a 
good cost analysis on each job you'll find yourselves 
overpricing castings in some cases — thereby pricing 
yourself out of the job; or you underprice the casting, 
thus losing money. Only the correctly priced castings 
keep you in business since you get the order on those 
but the profit is often cut by the underpriced castings. 
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So with noise prevention! Unless you do something 
about it, you will pay later in direct costs for noise 
deafness; and you are probably paying now indirect- 
ly — just as with the underpriced casting. 

Prevention of noise induced deafness is a teamwork 
problem. It requires an enlightened management to 
support the program, engineering ability to design 
equipment, technical specialists to evaluate the prob- 
lem, and physician specialists to determine the effect 
on man; and, of course, attorneys and legislators to 
form regulative orders to “crack the whip” and get 
the program underway. 


WHY BE INTERESTED IN NOISE? 

Industry is geared to production. In keeping with 
providing a safe place to work, industry must reduce 
hazards to the irreducible minimum in order to in- 
crease production. 

One cannot process solid materials, or even liquid 
or gaseous materials, without producing 
of vibrating energy. In the case of noise, we are in- 
terested in damage risk levels; that is, how much 
noise is the maximal safe exposure before damage to 
man’s hearing apparatus occurs. The human ear is 
a delicate receiving apparatus, translating the mech- 
anical energy of sound into nerve impulses. The im- 
pulses travel to the brain where we recognize in con- 
sciousness the particular qualities and interpret them 
on the basis of past experiences. 


some form 


Noise Induced Hearing Loss 


Sound waves are pressure waves. The normal ear 
is capable of recognizing pressure variables of the 
Sound 
is measured in decibles, a scale which is a convenient 


magnitude of one billionth of an atmosphere® 


logarithmic progression of increasing energies. Doub- 
ling the sound level represents only a 3-decible in- 
crease. In general, sounds of less than 85 decibels 
cause no harm. Intensities above this may cause dam- 
age to hearing. Above 130 decibels, pain is produced 
in the ear. High frequency sounds (high pitched), 
in general, are more damaging than low frequencies 
(low pitched ). 

To produce damage to the hearing apparatus, en- 
ergies of different types and duration must be con- 
sidered. A single blow of mechanical energy to the 
head may damage the hearing mechanism by dis- 
ruption of bone or of the hearing mechanism, or by 
hemorrhage. A single blast of 140 decibels or more of 
an explosion may irrevocably damage the hearing 
mechanism. Long continued exposures to air borne 
noise of 85-100 decibels may be damaging. For bone 
conduction (noise passing to the inner ear through the 
bone surrounding ear) levels are 20 decibels higher. 


EFFECTS OF NOISE 
This is the problem for discussion today. The eff- 


ects of noise on man depend on: 1) loudness, 2) fre- 


®An atmosphere is a pressure equal to 14.7 lb/in.? 
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quency of vibration, 3) the hours per day and the 
duration in years of exposure, 4) the distribution of 
the noise —is it continuous or interrupted, and 5) 
the susceptibility of the individual. For our purposes, 
we shall not elaborate further than to say that usually 
we are concerned with high-level noise and years of 
exposure. The details have been elaborated in num- 
erous articles, including the Founpry Noise CONTROL 
Manuva. of the American Foundrymen’s Society. A 
preliminary release of this material was distributed 
at your meeting last year. 

In the ordinary business office with an overall sound 
level of 50-60 decibels, the spoken voice is heard with- 
in about § ft. If you have to shout at any work loca- 
tion to be understood, you probably have a_ noise 
problem and should investigate. This indicates a noise 
level of about 90 decibles. If employees have tempor- 
ary head noises or ringing in the ears on leaving work 
or if they have a temporary threshold shift of hearing 
(a period of partial deafness from which recovery is 
complete in a few hours), it is time to begin a pro- 
gram of hearing conservation. 

A program of hearing conservation or noise control 
is a teamwork problem, the medical phases of which 
might be briefly classified. First there should be an 
audiometric survey of employees. Not all loss of hear- 
ing is noise induced. Of new applicants for work, one 
might expect to find on an audiometric survey 75 per 
cent with normal hearing, 10 per cent with a moderate 
loss of hearing, 5 per cent with a severe loss, and 10 
per cent with a loss in one ear only. 

Unless one has a pre-employment audiometric exam- 
ination, one does not have a base line for comparison 
to evaluate possible damage. Thus unless you have 
a program of pre-employment audiometric examina- 
tions, you may be buying an already existing hearing 
loss. The audiometric record will prevent paving later 
for a hearing loss not sustained in your plant. 


AUDIOMETRIC EXAMINATION 


The audiometric examination must be done in fair- 
ly quiet surroundings (less than 40 decibels), other- 
wise, sound reception may be impaired or confused. 
The spoken voice or watch ticking test of hearing is 
totally unreliable since the first effects of noise in- 
duced deafness occur near the 4000 cycle per second 
frequency and the speech interpretation level is con- 
diderably lower. We shall not enter the discussion 
of the various types of audiometric examinations such 
as the full scale; the screening type at one frequency 
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only, with a full record only on those indicated; the 
pure tone versus speech audiometry, etc. Each of 
these has advantages in certain circumstances. 

The program of pre-employment audiometry must 
be followed by periodic re-examination of hearing at 
3-12 month intervals, depending on the noise exposure. 

The factors of other disease conditions affecting hear- 
ing, of prebycusis (the impairment of hearing due 
to deterioration of the normal aging process) must 
be recognized. 

A noise survey of the work area is an integral part 
of the program. This must include overall noise levels 
and the octave-band composition in designated areas. 
The duration and distribution of noise levels and ex- 
posure during a typical work day must be noted. The 
survey must designate the intensity and duration of 
exposure at the employees work area during normal 
work conditions, if it is to have meaning. The employ- 
ees’ work record must be known to indicate the 
total exposure during the work life. 

When critical noise levels are found, and continuous 
long-term worker exposure occurs, engineering control 
measures are indicated. 

As with any hazard, the ideal method of control 
is to eliminate the problem at its source. Redesign of 
equipment with fewer striking or vibrating parts, sub- 
stitution of non-vibrating materials for metallic parts, 
isolation of the process, timing a process to off-shift 
times, automation, or use of sound-absorbing or de- 
Hecting media, any or all may be used to reduce 
noise production. 

If engineering and environmental-control measures 
fail to eliminate the hazard, personal protective meas- 
ures may be considered. Rotation of personnel, so as 
to reduce the total exposure time, can be considered 
but other solutions are usually better. The use of ear 
plugs or ear muffs or both by the worker may reduce 
the noise level at the ear to tolerance levels. 

In conclusion, I hope this hasty and incomplete 
review of the noise problem has highlighted some 
areas of interest. A successful noise hazard elimination 
program must have primarily the active interest and 
participation of management. 

While it is desirable to have the help of an engineer, 
hygienist and physician, any foundry of itself can do 
much to control noise. Technical advice is available 
through AFS. 

If we want it so, “The Foundry is a Safe Place to 
Work,” whether we consider noise or any other 
health hazard. 























FOUNDRY APPLICATIONS OF THE 
CALCIUM CARBIDE INJECTION PROCESS 


By 


W. R. Lysobey* and A. E. Tull** 


INTRODUCTION 


The calcium carbide injection process, first con- 
ceived about 1949, is a new concept when considered 
with other processes of the iron and steel industry. 
Since 1949, great strides have been made in improved 
equipment design and new applications. 

The principle of solids introduction into molten 
iron by the injection process is relatively simple. 
The solid is carried by nitrogen, an inert gas, through 
a suitable conveyance system below the surface of 
the metal. The solids-metal reaction occurs as the 
solid rises to the surface of the metal. 

In its earliest stages the calcium carbide injection 
process was primarily considered for use with the 
production of ductile iron. It is a valuable tool for 
lowering the sulfur in acid cupola iron to low levels 
(less than 0.02 per cent sulfur, prior to reladling 
the metal onto magnesium bearing alloys and ferro- 
silicon alloys). The results of pretreatment with cal- 
cium carbide injection before magnesium alloy addi- 
tion will provide considerable savings in the cost of 
magnesium alloys.'* 

Another variation of this process in producing duc- 
tile iron is to inject a mixture of calcium carbide 
and pure magnesium into iron which was melted in 
an acid or basic cupola.’ It indicates another means 
of introducing magnesium into cast iron at low cost 
compared to the conventional method of tapping or 
reladling iron onto magnesium bearing alloys. 

Another facet of calcium carbide injection involving 
formation of nodular or spherulitic graphite is by in- 
jecting mixtures of calcium carbide, magnesium oxide 
and rare earth oxides.” This is a specialized appli- 
cation of the process which has had limited use. 

The majority of the cast iron production in this 
country is gray iron containing graphite of the flake 
variety, so this discussion is confined to the applica- 
tions of the calcium carbide injection process to this 
type of iron. This treatment of the subject will show 
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that the reaction of calcium carbide with molten cast 
iron will produce graphitizing. It will also show inocu- 
lating effects similar in many respects, yet unique 
in others when compared to more familiar inoculat- 
ing techniques. 


EQUIPMENT 

As the injection process evolved, suitable equipment 
to handle the process operations in foundries was 
developed. One of the earliest types is the batch 
feeder depicted in Fig. 1. This equipment is simple 
and reliable. With the batch feeder, calcium carbide 
is injected from the hopper directly into the metal 
through the graphite injection tube. This equipment 
may be modified so the injection tube may be raised 
and lowered independently of the normal 50 Ib hop- 
per. A flexible hose is attached between the hopper 
and the graphite tube for this purpose. 








Fig. 1 — Injection apparatus, batch type. 
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ore , } 
There are two foundry installations currently in 
operation where 500 lb 


I 
sion have been mountec 


( pach )} 
1 on. the chargi M platform 
4 convevor line carries the s ids and gas trom the 
hopper to the graphite injection tube 

The Cal travels essentially in a downward direc 
tion. Low pressures are used in the hoppers and a min- 
imum of conveying gas is required This low gas 
flow will result in keeping the metal splash and agi 
tation to a minimum 


For installations where material must be transport- 


ed through a hose in a horizontal or upward direction 


—-—~~ . 


- 








Fig. 3 — Carbide injection equipment for automatic continual 
treatment. 
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a special tvpe of equipment called a fluidizer (Fig 
has been developed. This requires higher gas 
pressures. Equipment has been developed for this 
purpose to comply with the A.S.M.E Code require- 
ments tor pressure vessels 
Calcium carbide or other material is loaded through 


line is con- 


a top filling valve. The nitrogen suppl) 
nected to a flow meter so the carrier gas flow is pre- 
cisely controlled. Part of the metered gas passes 
through a pressure regulator and is used to regulate 
the tank pressure. The other portion passes through 
another regulator controlling the amount of dilutor or 
carrier gas added to the calcium carbide in the con- 
veving line 

The pressure setting on the hopper will determine 
the rate that calcium carbide will feed from the fluidiz- 
er. The dilutor gas is set to provide a_ sufficient 
quantity of gas to smoothly transport the material 
through the line and below the surface of the molten 
metal bath. 

Figure 3 shows a completely automatic installation 
where the iron is continually treated on an intermittent 
basis. A timer, solenoid control valves, and raising 
and lowering device for inserting and withdrawing 
the graphite injection tube, make it possible to treat 
metal produced automatically. 

Figure 4 shows a typical treating bath into which 
calcium carbide is injected. 


APPLICATIONS AND RESULTS 


The major portion of the data presented here was 
obtained in operating foundries where this process is 
being used. The data is therefore not as precise and 
complete as that obtained in a laboratory. In an effort 
to span the broad area of foundry applications of this 
process, the authors have taken the liberty of report- 
ing the results in the form of case histories. 

The first practical demonstration on a production 
scale was demonstrated by a gray iron foundry sev- 


eral years ago. This operator was producing small 





Fig. 4 — Metal treatment bath. 
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castings for a hardware manufacturer. He encountered 
difficulties in producing castings machinable in thin 
sections. In addition, upon drilling and tapping one 
of the heavier sections of this casting, the purchaser 
Was encountering porosity. 

This iron was treated with seven lb calcium car- 
bide per ton, lowering the sulfur content from 0.090 
per cent to 0.060 per cent. The treatment was varied 
on a day to day basis depending on chill depth ob- 
tained by pouring a simple wedge test. 

This treatment was effective in preventing the for- 
mation of white iron in thin sections, and benefited 
in producing improved microstructures (Fig. 5, 6). 

Figure 5 is a photomicrograph of an untreated 
3, 16-in. section. The occurrence of preferred orient- 
ed Type D and E graphite in a matrix of 50 per cent 
pearlite—50 per cent ferrite is shown. This type of 
structure is considered poor from a machinability point 
of view. This is due to the fact that the tool has a 
tendency to dig into the ferritic areas while machining 
normally over portions of the pearlitic areas. 

The photomicrograph (Fig. 6) was taken from the 
same location of a treated casting. The graphite has 
been transformed from Type D and E to Type A and 
B. The matrix has been transformed from 50 per cent 
pearlite to approximately 75 per cent pearlite. 

This is not considered the optimum microstructure. 
The improvement in structure, with reduction of chill 
formation in thin extremities of the castings, was suf- 
ficient to insure good machinability in this case. The 
result of the CaC. treatment was to reduce chill, 
transform the graphite into a more desirable form, 
and to promote the formation of pearlite. 

The eventual consumer of these castings has mate- 
rially increased the rate of machining on castings of 


Fig. 5 — Representative microstructure in 3/16-in. sec- 
tion in untreated iron. Type D and E graphite, esti- 
mated 50 per cent pearlite matrix. 100X. 
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this type. Another interesting observation was the de- 
crease in shrinkage porosity in the heavier sections. 

The authors hesitate to explain the mechanism by 
which inoculated iron feeds into the mold better than 
untreated iron. However, it has been observed that 
the soundness of iron is associated with Type A graph- 
ite in a pearlitic matrix. 

A good example of this was recently discovered 
in a foundry producing castings for the automotive 
industry. Here the foundry was experiencing high 
rejection rates due to shrinkage porosity. This defect 
was occurring in bosses and other places in the casting 
where heavy sections were adjacent to thin sections. 

This situation was due to the hardness specifications 
imposed by the purchaser of the casting. The speci- 
fications could be met only by melting a near eutec- 
tic composition. After the carbon and silicon composi- 
tions of the cupola iron were increased in order to 
meet the hardness specifications, the rejections from 
shrinkage porosity increased at an alarming rate. Some 
of this shrinkage was internal. It was not detected 
until the castings were machined at the purchaser's 
plant some 600 or 700 miles away. 

It was first intended to use calcium carbide injec- 
tion to reduce Brinell hardness in the castings poured 
from the original cupola mix (hard mix). This composi- 
tion offered few problems in porosity. However, in 
setting up the equipment, the initial injections of 
calcium carbide were performed on the soft mix. It 
was learned, at this time, that the calcium carbide 
treatment had the effect of eliminating the shrinkage 
defects. The chemical analysis of this iron appears 
below: 

Mn ‘ S 


0.58 


Fig. 6 — Microstructure in 3/16-in. section in CaC» 
treated iron. Type A and B graphite. Matrix consists of 
75 per cent pearlite, 25 per cent ferrite (est.). 100X. 
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Prior to calcium carbide injection, this foundry re- 
jected about 117 castings per day. The present average 
rejection rate with this defect is from two to five 
pieces a day. 

Examination of microstructure before and after cal- 
cium carbide treatment, indicated a pattern which 
was becoming familiar. The iron before treatment 
showed the occurrence of D and E interdendritic 
graphite with high percentage of ferrite in the matrix. 
After treatment, the graphite was essentially Type A 
in a pearlitic matrix. 

It was interesting to note, upon reviewing Brinell 
hardness data taken from step bars poured hourly, 
that there was a marked tendency to decrease sec- 
tion sensitivity in the treated bars. In fact, it was not 
unusual to find step bars which exhibited the same 
Brinell readings on all three steps (1/4-in., 1,/2-in., 
3/4-in.). This decrease in section sensitivity also 
appears in hypoeutectic irons subsequent to calcium 
carbide treatment. 

This foundry utilizes an automatic treating installa- 
tion similar to that shown in Fig. 3 and 4, to inject 
approximately four to six lb calcium carbide per ton 
of iron. This treatment reduces the sulfur from an 
average of 0.10 per cent to an average of 0.07 per 
cent. The amount of material injected is controlled 
on the basis of chills poured every half hour. 

The cost of treatment has been more than offset 
by the improved flowability, or castability, and has 
permitted the removal of risers from some castings. 
This has resulted in a greater yield of castings. This 
benefit, of course, is in addition to the original prob- 
lem of shrinkage porosity which has been essentially 
eliminated. 





Fig. 7 — Microstructure in untreated iron containing 
0.127 per cent S, predominately type A graphite in 
approximately 50 per cent ferrite, 50 per cent pearlite 
matrix. 100X. 
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Another application arose recently for CaC, treat- 
ment where the sole purpose was to maintain the 
sulfur level below 0.10 per cent to meet a govern- 
ment specification. The chemical analysis of this iron 


appears below: 
( Si Nin , S CLE 


3.64 > 64 0.57 0.32 0.127 1.62 


Utilizing the automatic installation technique, this 
iron was treated with calcium carbide to effect a 
reduction in sulfur content from an average of 0.12 
per cent to 0.05 per cent. 

The microstructure shown in Fig. 7 is typical of un- 
treated iron. It contains a matrix of approximately 
50 per cent pearlite—50 per cent ferrite (estimated). 
The graphite formation is predominantly Type A. 
However, there is a considerable amount of fine, close 
network-type graphite associated with the ferrite 
areas. 

The microstructure depicted in Fig. 8 has a uni- 
formly sized and distributed Type A flake in a 100 
per cent pearlitic matrix. This foundry has reported 
an improvement in machinability of the castings made 
from inoculated iron in terms of increased tool life. 

A slightly different variation of calcium carbide 
application was illustrated in a foundry pouring cast- 
ings for the water works industry. A typical chemical 
analysis of this iron is as follows: 


> Si %P Mn S 


3.25—3.30 1.80—1.85 0.30—0.35 0,45—0.50 0.10—0,12 


The majority of castings produced in this shop pos- 
sess at least a 1 4-in. section thickness. However, many 
thin extremities exist which require a machining op- 





Fig. 8 — Microstructure in CaCo treated iron containing 
0.073 per cent S, type A graphite in completely pearlitic 
matrix. 100X. 
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eration. Difficulty in machining these sections was a 
constant source of trouble which had not been com- 
pletely relieved by the addition of conventional in- 
oculating alloys. 

This iron is treated with approximately seven Ib 
calcium carbide per ton of iron, lowering the sulfur 
content from an average of 0.10 per cent to an aver- 
age of 0.06 per cent. The treatment has been sufficient 
to consistently suppress the occurrence of hard iron 
in thin extremities. 

The cost of calcium carbide injection was more than 
offset at the cupola itself. The operator was able to 
substitute calcium carbide injection for the use of 
soda ash desulfurizer in the ladle, plus FeSi inocula- 
tion in the ladle. In addition, he was able to elimi- 
nate the use of manganese, silicon carbide, and 
proprietary spar briquettes in the cupola charge. Re- 
viewing average physical test results before and after 
calcium carbide treatment, the average tensile strength 
in a 1.2 in. bar before calcium carbide injection was 


34,200 psi. After the process was used for a period of 


time, the average tensile strengths were 37,500 psi. 

In this plant the treatment is performed in a con- 
ventional U-type tilting holding ladle with a batch 
feeder type dispenser mounted on the cupola charg- 
ing platform. The calcium carbide is transported in a 
downward direction through the 1/2-in. I. D. hose 
attached to the graphite injection tube. This is manu- 
ally raised and lowered into the ladle throughout the 
day's production. The treatment is performed and 
controlled by the ladle man who is guided by chill 
wedges poured from each 3000 lb capacity transport 
ladle. 

A foundry pouring a hypoeutectic iron of a higher 
carbon content, but lower silicon content, demon- 
strates a benefit associated with this type of inocula- 
tion. This shop normally produces a 40,000 tensile 
strength iron of the following chemical analysis: 


Si Mn P S c= 


3.45 1.35 0.50 0.35 0.11 1.0] 


The primary difficulty encountered in this shop was 
associated with internal porosity in large pulley 
sheaves. This porosity would invariably appear at or 
near the intersection of the spoke and the rim. Nor- 
mally it would not be detected until grooves were ma- 
chined some distance into the rim. 

The inoculating effect of calcium carbide changed 
an iron prone to Type D graphite into an iron con- 
taining predominately Type A in a pearlitic matrix. 
In transforming the iron structure the internal porosity 
has, for all practical purposes, been eliminated. 

The foundry operator has found it possible to pour 
this higher strength calcium carbide treated iron into 
castings where it was only possible to use a near 
eutectic composition. This enables the foundry to up- 
grade the strength and maintain machinability in 
many thin sectioned castings. 

In our laboratory, test castings have been poured 
from low carbon, low silicon iron to investigate the 
effect of inoculation on the casting characteristics of 
iron. The composition of this iron appears below: 


% Mn %P 
0.60 
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The castings poured with untreated iron showed 
external shrinkage. Upon x-ray examination it exhib- 
ited internal porosity in the areas immediately adja- 
cent to an increase in section size. External examina- 
tion of the calcium carbide treated castings showed 
they were sounder. The x-ray examination disclosed no 
internal porosity. This is an improvement in castabil- 
ity of iron using this type of inoculating technique. 
It has converted Type D and E graphite, ferrite- 
pearlite matrix into predominately Type A graphite 
in a wholly pearlitic matrix. This casting is shown 
in Fig. 9. This casting was chosen by the authors 
and their colleagues because they felt that it would 
provide some information concerning the castability 
characteristic of the iron. 

It is not thought by the authors that iron of this 
low carbon equivalent would normally be poured into 
a casting possessing such thin sections. However, sub- 
sequent to the calcium carbide treatment, a drastic 
change in hardness levels was evidenced. The hard- 
nesses of the untreated castings opposite point A (7/8- 
in.), B (7/8-in.), and C (3/16-in.) are 276 BHN 
and 341 BHN and 294 BHN respectively. 

After treating the metal to lower the sulfur to 0.054 
per cent, it was noted that the Brinell hardnesses of 
this casting were respectively 225 BHN, 232 BHN, 
and 221 BHN. This seems a good example to show 
that section sensitivity of cast iron can be diminished 
by the use of the proper inoculation techniques. 

One of the most interesting variations of this proc- 
ess has been developed during the past year. The 
authors were fortunate enough to work with a foundry 
that is producing a centrifugally spun casting with 
the iron poured against a rotating metal mold. Speci- 
fications of this casting call for a minimum chill in 
the iron surface which contacts the metal mold sur- 
face. A completely pearlitic matrix containing Type 


Fig. 9 — Experimental casting used in laboratory investiga- 
tions. Mirror view shows hardness readings on drag side. 
CaC» treated. 
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Fig. 10 — Microstructure in sand-cast test specimen. Type D 
and E interdentritic graphite. Matrix is pearlitic with some 
areas of ferrite in evidence. Sulfur content 0.14 percent. 100X. 
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Fig. 11 — Microstructure in sand-cast test specimen. Predomi- 
nately type A graphite in completely pearlitic matrix. Sulfur 
content 0.017 per cent. 100. 
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\ graphite is specified on the internal diameter after 
a machining operation has removed approximately 
1 S-in. of metal. As a result, the foundry melts a 
soft iron with the analysis appearing below: 


Cc Si Mn P s CE 
3.50 2.40 0.65 0.075 0.11 4.32 

A high carbon equivalent iron is melted to minimize 
chill formation on the back side of the casting. Solidi- 
fication of the metal under these conditions is extreme- 
ly rapid. This aggravates the formation of the areas 
of Type D graphite in a ferritic matrix. Cause for 
rejection of castings was poor service life expectation. 
After experimentation, it was found that minimum 
chill and a wholly pearlitic matrix containing Type A 
graphite is produced by desulfurizing the iron with 
CaC, to less than 0.03 per cent sulfur. 

Figure 10 depicts the structure of this iron as 
received from the cupola when poured into a sand 
cast cylinder test pin about 2 in. long x 0.8 in. in 
diameter. As can be seen by examining the untreat- 
ed iron shown in Fig. 10, D and E, interdentritic 
graphite and areas of ferrite exist. This iron would 
be poor for wear and thermal shock service. 

Figure 11 is a photomicrograph of the same iron, 
poured into the test pin described above, after treat- 
ment with 19 lb calcium carbide per ton. The sulfur 
content has been lowered from 0.14 per cent in the 
untreated iron, to 0.017 per cent in this iron. The 
graphite is essentially Type A while the matrix is 
wholly pearlitic. This type of structure has proven 
in service to be a good wear resistant iron. It has 
performed well under conditions of severe thermal 
shock. 

Figure 12 is a microstructure of the casting itself 
which solidifies at a more rapid rate than the previous 
two samples. Again, predominately Type A graphite 
is contained in a 100 per cent pearlitic matrix. 

Previous work had been done by this foundry in 
producing this structure by the addition of various 
alloying elements such as molybdenum, tin and a 
whole range of alloy inoculants with varying degrees 
of success. Most of the inoculant techniques which 
involve the use of metallic alloys would not produce 
the minimum chill in conjunction with a_ pearlitic 
matrix and Type A graphite. 





RELATIONSHIP OF CHILL TO MICROSTRUCTURE 


The authors have reviewed some of the past labora- 
tory work with the calcium carbide injection process 
to define the relationship between sulfur reduction 
and chill reduction. 

In Fig. 13, left to right, are shown samples of base 
iron, and samples of chills taken after incremental 
injections of calcium carbide in an induction furnace. 
This is a hypereutectic composition. The heat was 
held in the furnace and chill bars and 1.2 in. test 
bars were poured after each injection of CaCy. 

The effect of the first three treatments was to lower 
the chill forming tendencies of the iron. After the 
fourth injection, a definite reversal in this tendency 
is observed. The base iron contained 0.153 per cent 
sulfur, and after the third treatment, the sulfur was 
lowered to 0.064 per cent. Thus, a minimum chill 
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value for this particular iron is obtained by lowering 
the sulfur from 0.153 per cent to 0.064 per cent. 

This suggests that the minimum chill value is a 
function of sulfur removal rather than the final sulfur 
level. It is expected that the minimum chill value 
of a similar composition cast iron, if melted with a 
0.10 per cent base sulfur, would appear at a lower 
sulfur level than this particular iron. 

The photomicrographs of the iron shown in Fig. 14 
relate to the chill samples in Fig. 13. They were 
taken from the 1.2 in. bars poured along with the 
chill specimens. Figure 14a shows the structure ob- 
tained in the test bar when the minimum chill value 
was obtained. The graphite in Fig. 14a is Type A in a 
completely pearlitic matrix. Figure 14b relates to chill 
sample No. 4. It is felt that this increment of desul- 
furization has resulted in an increase in chill. The 
sulfur at this stage is 0.025 per cent. The photomi- 
crograph shows that ferrite is beginning to form ad- 
jacent to the graphite flakes, although the graphite 
is still essentially Type A. 

Figure 14c shows the microstructure in sample No. 
3 which has been desulfurized to 0.009 per cent. The 
graphite has been transformed into Type D with a 
predominately ferritic matrix. 


LABORATORY INVESTIGATIONS 

Recently in the authors’ company laboratory, the 
inoculating effect of calcium carbide injection was 
studied wherein the treatment was performed on low 
carbon, low silicon irons. In this work, the iron was 
melted in a 500 lb induction furnace. The aim analv- 
sis was 3.10 per cent C, 1.40 per cent Si, and approxi- 
mately 0.09 per cent S. 

In this work an investigation was made of the 
effect of calcium carbide inoculation upon micro- 
structure, tensile strength and hardness levels in vary- 
ing section sizes. In Table 1 it can be seen that the 
tensile strength of the base iron was 39,500 psi in a 
specimen obtained from a 1.2 in. bar. The hardness 
reading was 235. After a calcium carbide treatment 
of 15 lb per ton of iron, the sulfur content was lowered 
to 0.054 per cent. No other changes in chemistry were 
detected. 

This iron was poured into 1.2 in. bars, step bars, 
and into a small test casting shown in Fig. 9. Chill 
pins were poured for chemical determinations. The 


Fig. 13 — Chill bar samples. Left to right, base 
iron and treated iron after incremental injec- 
tions of CaCo. 


Fig. 12 — Microstructure appearing in CaC» treated centri- 
fugally spun, permanent mold casting. Predominately type A 
graphite in 100 per cent pearlitic matrix. 0.02 per cent S. 100X. 


TABLE 1 — INDUCTION FURNACE HEAT NO. 1241 





As Melted, ‘ Injection Treated,%° 


TS. 3.3 
Si 1.3 Si 1.40 
S 0.100 S 0.054 
C.E. 3.67 C.E. 3.70 
Chill Depth 
$1 / 32 in. 13/32 in 
Average Mechanical Properties in 1.2 in. Diam. Bars 


y if 89 3.17 


Trans. B. L. 2150 Ib Trans. B. L. 2660 Ib 

1s ee 8 39.500 psi U. 1. 3. 18,300 psi 

BHN 235 BHN 235 
*Calcium carbide 15 lb per ton 
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Fig. 14 — Change in microstructure in 1.2 in. bar with progres- 
sive des ‘lfurization, 100X. 
4 — Upper — Desulfurized to 0.064 per cent S by CaC» 
iniection. Type A graphite, pearlitic matrix. 
B — Center — Desulfurization to 0.025 per cent S Type A 
graphite, ferritic envelopes around flakes. 
C — Lower — Desulfurization to 0.009 per cent S Type D 
graphite, predominately ferritic matrix. 


data in Table 1 show that the tensile strength after 
treatment was 48,300 psi and the hardness was 232 
Brinell. All 1.2 in. bars were shaken out at approxi- 
mately 1500 F. 

The hardness readings which were taken on the 
1.2 in. bars do not truly reflect the difference between 
the treated and the untreated iron. This point is 
shown in Fig. 15 which is a plot of the hardness read- 
ings taken on the step bars. It is apparent that the 
hardness values are constantly lower in the inocu- 
lated iron. In addition, the difference in hardness 
readings, between the treated and untreated iron, be- 
come increasingly greater when comparisons are made 
in the thinner section sizes. 

On the 1 4-in. step, it is observed that the hard- 
ness readings range from 290 to 321 to 401. These 
readings are taken on a line from the center towards 
the corner of the 1 4-in. step. The respective readings 
for the same thickness on the treated iron were 247, 
245, and 261. This information shows that an effective 
inoculating technique can produce a high strength 
unalloyed grav iron which can be machined in rela- 
tively thin sections. 

In Table 2 are data from a heat of similar hypo- 
eutectic composition treated with a mixture of calcium 
carbide and magnesium powder. This heat demon- 
strates that equivalent results are obtained with one- 
half the amount of calcium carbide if a small quan- 
tity of magnesium is incorporated in the treatment. 

The authors believe calcium carbide injection in 
cupola melted iron of similar analysis would result 
in somewhat better physical properties. In Table 3 are 
data from a heat of cupola iron melted with 75 per 
cent steel in the charge. The composition of the 
base iron was 3.17 per cent carbon, 1.63 per cent 
silicon, and 0.12 per cent sulfur. After calcium carbide 
injection the sulfur content was 0.024 per cent. Physi- 





@—e BASE IRON 0.100% SULFUR 
@-=0 CaC2 ISLB./TON 0.054% SULFUR 
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Fig. 15—Step bar BHN vs. section size induction furnace heat 
No. 1241. 





A OGIO TOT 


ee a 


W. R. Lysobey and A. E. Tull 


cal properties obtained from 1.2 in. test bars were 
reported as 50,930 psi T. S. with 229 BHN. It is 
observed that a higher tensile strength is produced 
in an iron with slightly higher carbon equivalent 
than was obtained in the induction furnace heats 
made in the laboratory. 

In order to simulate cupola melting in an induction 
furnace, a test was run where the melt-in carbon was 
lower than the carbon level used in the previous in- 
duction furnace work. The same final carbon equiva- 
lent was reached by injecting a mixture of CaC, 
and carbon. 

Table 4 shows the physical properties obtained in a 
1.2 in. bar treated in this fashion. An iron with 52,500 
T.S. was produced by this treatment. While this data 
shows that this CaCo-carbon mixture will increase the 
strength of an uninoculated base iron from 36,000 psi 
T.S. to 52,500 psi T.S 

It should not be expected that the same percentage 
increase in strength will result from similar treatment 
of cupola melted iron. The reason for this is evident 
when it is realized that higher strength values are 
normally expected from untreated cupola iron than 
from untreated induction furnace melted iron. The 
experience with CaC,. injection reported by T. H. 
Burke* lends support to this contention. 


CONCLUSIONS 

In summary, the authors conclude that better cast 
iron will result from good inoculating techniques. An 
effective inoculant will lower the chill forming tend- 
ency of cast iron. It will promote the formation of 
Type A graphite in a pearlitic matrix. 

The presence of Type D graphite in combination 
with ferrite is a clue to many of the problems en- 
countered in cast iron founding. This structure is 
often coupled with white iron or chill formation in 
adjoining areas which undergo rapid cooling. Many 
of the difficulties associated with porosity and shrink- 
age can be eliminated or greatly lessened by incor- 
porating techniques to produce iron that has Type A 
graphite and a pearlitic matrix. 

The injection of calcium carbide in cast iron will 
reduce chill formation and promote the formation of 
Type A graphite in a pearlitic matrix. 

The extent of the calcium carbide injection treat- 
ment required to produce the optimum physical prop- 
erties and microstructure will depend upon iron com- 
position and solidification rate. 
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TABLE 2 — INDUCTION FURNACE HEAT NO. 1240 





As Melted, % 


Injection Treated,’ 


TA. 3.03 ci 3.16 
Si 1.36 Si 1.38 
S 0.103 S 0.065 

C.E. 3.54 C.E 3.68 

Chill Depth 
42/32 in. 10/32 in. 

Average Mechanical Properties in 1.2 in. Diam. Bars 
Trans B. L 2280 Ib Trans. B. L. 2620 Ib 
SEs Be 10,600 psi U. om 17,300 psi 
BHN 935 BHN 238 

°Calcium carbide 7.5 lb per ton 
Plus magnesium metal 0.4 Ib per ton 





TABLE 3 — FOUNDRY CUPOLA IRON 





As Melted, ‘ 


Injection Treated,” ° 


ee. 3. TC. 3,22 
Si 6. Si 1.64 
Mn { Mn 1.00 
S 0.120 S 0.024 
y 0.15 P 0.13 
cx. 3.76 C.E. 3.81 
Mechanical properties in 1.2 in. Diam. Bar 
UO. T.s. 44,140 psi U. F. 5. 50,930 psi 
BHN 223 BHN 229 


°Calcium carbide 30 Ib per ton 





TABLE 4 — INDUCTION FURNACE HEAT NO. 1230 





As Melted, ‘ Injection Treated,~° 


Tas 290 T.C 3.26 
Si 1.4] Si 1.35 
S 0.103 S 0.019 
C.E. 3.40 .E 3.74 
Chill Depth 
52/32 in 28 /32 in. 
Mechanical properties in 1.2 in. Diam. Bar 
Trans. B.L. Not Taken Trans. B. L. 3240 Ib 
UU. 7.5. Not Taken i, eB 52,500 psi 
BHN Not Taken BHN 239 
°Calcium carbide 30 lb per ton 
Plus coke 10 lb per ton 
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PERFORMANCE OF CHILLS ON HIGH STRENGTH MAGNESIUM 
ALLOY SAND CASTINGS OF VARIOUS SECTION THICKNESSES 


Merton C. Flemings*, Richard W. Strachan**, Ernest J. Poirier 


ABSTRACT 

Data are presented showing the effect of section thick- 
ness and chilling on the mechanical properties of sand 
cast magnesium alloy test plates. The alloys studied were 
4AZ92A and AZ9IC. Plate thickness was varied from 1/4 
to 1-1/2-in. 

The mechanical properties of sand cast AZ92A and 
AZ9IC alloy plates decrease with increasing casting 
section size. End chilling of the heavier plates improves 
the mechanical properties of the plates, even at distances 
well removed from the chill. These data should be use- 
ful in the rigging design of high strength magnesium 
castings. Application of the data should permit produc- 
tion of castings with tensile strengths the order of 50 
per cent greater than present minimum specifications. 
Improvements in yield strength and elongation should 
elso be obtained. 


INTRODUCTION 

In several recent papers'* techniques for producing 
high-strength, high-ductility aluminum alloy castings 
have been described. It was shown that with careful, 
but commercially feasible practices, aluminum alloy 
castings could be produced with mechanical proper- 
ties higher than those obtained by normal foundry 
procedures. A number of commercial foundries are 
using these techniques in production of high quality 
castings. 

It is now possible to obtain 356 alloy castings from 
several sources with minimum mechanical properties 
of 38,000 psi ultimate tensile strength, 28,000 psi yield 
strength, and 5 per cent elongation. Normal specifica- 
tions for this alloy anticipate average mechanical 
properties in castings as low as 22,500 psi ultimate 
tensile strength, 20,000 psi yield strength, and 3 4 
per cent elongation. 

The largest market for castings made by these 
techniques has been the aircraft and missile fields. 
In these fields strength-to-weight ratios and casting re- 
liability are vitally important. Since their introduction 
into these fields, other advantages of high-strength, 
high-ductility aluminum castings have become appar- 
ent. These include improved machinability and dimen- 
sional stability. However, aircraft designers still wish 
* Assistant Professor, °*Research Assistant, and *°*Professor, 
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to know how parts can be made lighter and still do 
the job. In this regard, magnesium alloys have poten- 
tial advantages. It should be possible to produce mag- 
castings with a higher strength-to-weight 
ratios than aluminum. On a simple volume basis (some- 
times important in design) magnesium is lighter than 
other common structural metals. Another parameter 
of importance in complex missile design is the stiffness- 
to-weight ratio. Here, magnesium alloys possess an 
advantage over aluminum or high-strength steel. 

The M.I.T. Foundry Laboratory and Instrumenta- 
tion Laboratory has sponsored and conducted a study 
to determine if the mechanical properties of mag- 
nesium casting alloys can be improved by control of 
foundry techniques. The study has been divided into 
two sections, 1) an investigation of the properties ob- 
tainable (by careful foundry techniques) in simple 
plate sections and 2) application of results obtained 
to the rigging of prototype commercial castings. The 
first of these studies is presented here. 

In this work, the foundry procedures and controls 
exercised were generally similar to those used in pro- 
duction of high-strength, high-ductility aluminum al- 
loy castings.'* These include control of 1) chemical 
analysis, 2) melting practice, 3) dissolved gases, 4) 
gating and risering, and 5) chilling. Alloys studied 
were AZ92A (9% Al, 2% Zn, 0.15% Mn), and AZ91C 
8.7% Al, 0.7% Zn, 0.15% Mn). 


nesium 


PROCEDURE 

The test pattern shown in Fig. 1 was employed 
throughout this phase of the investigation. Foundry 
controls were held constant. A study was made of the 
effect of section size and end chilling on the mechani- 
cal properties of the test plates. Section size was 
varied from 1/4 to 1-1/2-in. with the alloys AZ91C 
and AZ92A. For each alloy, a series of end chilled 
plates were poured. A similar series of unchilled plates 
were also poured for comparison. All plates were heat 
treated. Tensile bars were machined from various lo- 
cations in the plates, tested, and the data plotted as 
shown in Fig. 2-5. A metallographic examination of 
the effect of section size and chills on metal structure 
was simultaneously carried out. Representative photo- 
micrographs are shown in Fig. 6 and 7. 
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Chemical Control and Melting Practice 


Melting stock was composed of high-purity virgin 
material, and high purity remelt stock. AZ92A alloy 
(aim analysis—9% Al, 2% Zn, 0.15% Mn), and AZ91C 
(aim analysis—8.7° Al, 0.7% Zn, 0.15% Mn) were form- 
ulated. material used was magnesium 
(99.9°°), aluminum pig (99.9%), zine (99.9%), and 
aluminum-manganese hardener (75% Al. Mn). 
Remelt stock consisted of returns from previous heats 
which had been remelted, pigged, and analyzed. 

Melting was conducted in an open-top, gas-fired 
furnace, using iron crucibles. In the melting practice of 
both alloys, the high-purity remelt stock was charged 
first. All elements except zinc were added shortly after 
meltdown. The zinc was added at 1250 to 1300 F. 
During melting, a commercial flux covering was main- 
tained on the melt surface to prevent burning. Degass- 
ing was accomplished by bubbling chlorine through 
the melt for 10 min at 1330 to 1380 F. 

Grain refinement was obtained by superheating to 
1650 F and holding for 15 min. Before pouring, the 
Hux was skimmed from the melt and replaced with a 
light laver of sulfur-boric acid mixture. Molds were 
Hushed with SO. gas immediately before pouring. 


Virgin pig 


25% 


Gating, Risering, Molding 


The gating system used is illustrated in Fig. 1. The 
system is a modification of that previously used for 
aluminum castings’, and involves a drag-to-cope run- 
ner with screen at the parting line. The screen ex- 
tends over a sizable length of the runner to avoid 
the possibility of its becoming plugged with dross. 
\ gating ratio of 1:4:3 was employed. 

Riser sizes employed for the various plate castings 
are also listed in Fig. 1. In general, these risers are 
larger than would ordinarily be necessary. They were 
chosen to avoid any possibility of property variation 
due to insufficient feed metal. 


CHILL END 


Plate N>». 

(1) 

ng 

(3) 

(4) 

(5) 2 
Gating ratio for all castings, Sprue : Runner : Gate—1:4:3 
Fig. 1—Sketch of plate patterns used for chill depth studies. 
nearly as effective as the large chill used. The chill 


weight would ordinarily be reduced in practice. 


Heat Treatment 


During solution treatment, an SO, atmosphere was 
maintained in the furnace. After solution treatment, 
all castings were air cooled and held for 24 hr before 


aging (Table 1). 


Testing and Metallographic Examination 
Both chilled and unchilled plates in the two alloys 
were similarly tested. Test bars were cut parallel to 
the chill face (Fig. 1) at varying distances from the 
TABLE 


1 — HEAT TREATMENT SCHEDULES 





Number 80 AFS green sand was used for molding 
all plates. The sand was inhibited with a 1-1 2-per 
cent boric acid, 1-1 2-per cent sulfur mixture. In the 
end-chilled plates, a 15 lb aluminum chill was rammed 
in the green sand at the plate extremity. The chill 
was coated with a rosin-tale wash. Previous work* 
has shown that much smaller chills (the order of the 
weight of the section to be chilled) would have been 
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Fig. 5 — Summary 
of mechanical 
properties of chilled 
AZ9IC alloy plates. 





chill end. In plotting mechanical properties vs. distance 
from the chill face, the distance from the chill face 
to the center of the test bar cross section was used. 

Test bars of 0.505 diameter and 2 in. gauge length 
were used for all plates thicker than 3 4-in. For 
the thinner plates, 1 4-in. square test bars, 2 in. 
gauge length—were employed. Tensile strength, vield 
strength, and per cent elongation, were measured. 
Yield strength was obtained by the 0.2 per cent off- 
set method. 

All plates were x-rayed to MIL-1-6865A specification. 
Casting soundness equaled or exceeded A.S.T.M. Ref- 
erence Radiograph 1.1, No. 1, indicating all plates 
were free of visible X-ray porosity. 

Metallographic specimens from all AZ9IC alloy plate 
castings were taken from the test bars closest to 
the chill end, and 2-1 2-in. away from the chill end. 
The specimens were polished and etched to deter- 
mine grain size, massive compound rating, and per 
cent precipitate according to published metallographic 
techniques 7 


RESULTS 


Chemical analyses of all heats poured are listed in 
the Appendix, Table A. The 1-1 2-in. plates of AZ91C 
alloy were cast from Heat A, while remaining AZ91C 
plates were cast from Heat B. All AZ92A plates were 
cast from Heat C. Two cast-to-size test bars were 
poured with each heat, and tested after heat treat- 
ment. Mechanical properties of these test bars are 
listed in the appendix, Table B. 

The tensile data obtained from the plate castings 
are tabulated in the remaining appendix tables. They 
are also plotted in Fig. 2-5 as mechanical properties 
vs. distance from the chill end. 

The mechanical properties of the unchilled AZ92A 
plates are plotted in Fig. 2. The graph illustrates 
the recognized effect of section size on mechanical 
properties of nonferrous sand castings. As the section 
thickness decreases, mechanical properties generally 
improve. Properties in the thickest plate (1-1 /2-in.) 
average about 21,000; 16,000; 1,°. Those in the thin- 
nest plate (1 4-in.) are about 35,000; 21,000; 1. Mech- 
anical properties along the length of each plate are 
nearly uniform. 

*The shorthand 21,000; 16,000; 1 is used to denote 21,000 


psi ultimate tensile strength, 16,000 psi yield strength, 1 per 
cent elongation. 
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When end chills are added to the sand cast AZ92A 
plates, a property improvement results as shown in 
Fig. 3. Bars nearest the chill average approximatel) 
38,000; 22.500; 1-3. Comparison of Fig. 2 and 3 indi- 
cates that this is a relatively small improvement in the 
case of the thinner plates. However, it is a substantial 
improvement in properties of the thicker plates. 

The tensile strength of the bar at the extremity of 
the 1-1 2-in. plate is nearly doubled by chilling. Yield 
strength and elongation at the plate extremity are 
also improved somewhat by chilling. The improvement 
is less marked than is the case with the tensile strength. 
The improvement in elongation to be obtained by 
chilling was found real, but not consistent. Elongations 
of the unchilled AZ92A plates were found close to 1 
per cent, while elongations of the chilled plates (near 
the chill) varied from one to three per cent. 

Increasing the distance from the chill generally 
decreased the mechanical properties of chilled AZ92A 
plates (Fig. 3). The decrease is most marked in the 
case of the tensile strength. Properties of the chilled 
plates (especially the heavier sections) are, none-the- 
less, superior to the properties of the unchilled plates 

Fig. 3) at greater distances from the chill. In the 
case of the heaviest plate, the beneficial effect of 
the chill is felt at distances up to about 5 in. away 
from the chill. In thinner plates, the distance is some- 
what less. 

Figures 4 and 5 illustrate similar data for AZ91LC 
alloy. The mechanical properties of the unchilled, 
sand-cast plates decrease with increasing section size 
except for the 3 4-in. plate, Fig. 4). Mechanical 
properties of the thinner plates (1 4-in., 1 2-in. 
average about 36,000; 21,000; 2-4. Properties of the 
1-1 2-in. plate are approximately 24,000; 15,500; 2. 

The effect of chilling AZ9I1C plates (Fig. 5) is 
similar to that of chilling AZ92A alloy plates. Me- 
chanical properties of bars nearest the chill all average 
about 42,000; 22,000; 4-6. These properties are an 
improvement over those of the heavier, unchilled 
plates, but are not a great deal higher than those 
of the thinner unchilled plates. 

Mechanical properties of the chilled plates decrease 
with increasing distance from the chill. However, the 
beneficial effect of chilling is obtained at distances 
well removed from the chill. In the 1-1 /2-in. plate, 
this distance is apparently greater than 6 in. 


TABLE 2 — MICROSTRUCTURE RATINGS OF AZ9IC 
ALLOY PLATES 





1/4-in. from chill end 2-1/2-in. from chill end 
Plate Grain Size, Massive Comp. Grain Size, Massive Comp. 
Size, in. in. Rating in. Rating 


Unchilled 
0.003 l 0.003 
0.003 0.003 
0.004 0.004 
0.004 0.003 
0,008 0.008 


“1 Ut Go Go 


Chilled 
0.002 0 0.003 
0.002 0 0.003 
0.002 0 0.003 
0.002 0 0.004 
0.002 0 0.006 
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\ preliminary study has been undertaken to deter- 
mine the mechanism whereby chills improve the me- 
chanical properties of cast magnesium alloys. This 
study has been limited entirely to microstructural ex- 
amination of AZ91C alloy. Samples for this investiga- 
tion were cut from the shoulders of the tensile test 
specimens described above. Samples were cut from 
each of the AZ9IC plates at 1) the location 
nearest the chill (0.3-in.), and 2) the location approx- 
imately 2-1 /2-in. from the chill. Samples were polished 
and etched to determine grain size and compound 
rating. Results of this investigation are tabulated in 
Table 2. Typical microstructures from the 1-1/2-in. 
plates are shown in Fig. 6 and 7. 

Table 2 illustrates that in the 1/4-in. unchilled plate, 
a relatively fine grain size (0.003-in. diameter), and 
low compound rating (rating 1)° was obtained. As 
the thickness of the unchilled plate increases, grain 
size and massive compound rating also increase. In 
the 1-1 /2-in. plate the grain size is 0.008 in. diameter, 
and compound rating is 7. 

Chilling reduces the grain size of all plates to 0.002 
in. diameter, and the compound rating to 0 (near 
the chill). These are not much smaller than the grain 
size and compound rating of the unchilled 1 4-in. 
plates. However, they are substantially smaller than 
those of the unchilled heavy section plates. At a dis- 
tance of 2-1 2-in. away from the chill, the chill results 


*Rating of O indicates the massive Mg-Al-Zn compound is 
complete ly solutionized. Rating of 10 indicates amount of com- 
pound obtained in the nonheat-treated condition. 


Fig. 6—Photomicrographs showing effect of chilling on the 
grain size of sand cast 1-1/2-in. AZ9I1C plates. Picral acid 
etch. 100 X. 


Fig. 6a.- Grain size 0.002 in. diam., 0.3 in. from chill. 
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in a substantial reduction of grain size and compound 
rating in the heavier plates. 

In Fig. 6, typical grain sizes of the chilled and un- 
chilled 1-1/2-in. plates are shown. Figure 7 shows 
the massive compound in these plates. 


Fig. 6c—Grain size 0.008 in. diam., 0.3 in. from unchilled end. 
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DISCUSSION casting, and the specification allows for this. Mechan- 


Present minimum mechanical property specifica- ical properties of test bars cut from the casting are 


tions” for AZ92A allov cast-to-size tensile bars are permitted to average a minimum of 25,500 psi ulti 
34,000 psi ultimate tensile strength, and 18,000 psi mate tensile strength, and 16,000 psi vield strength 
vield strength (no elongation requirement These Individual bars may be as low as 17,000 psi ultimate 
property minimums are not often met in the actual tensile, and 13,500 vield Table 3 
These data indicate that AZ92A sand-cast sections 
of less than about 1 2-in. thickness may possess me- 
chanical properties nearly as high as those of the cast- 
to-size test bar Properties of heavier AZ92A plates, 
however, (or presumably properties at junctions, boss 
es or other hot spots) fall below the minimums of the 
cast-to-size test bar. They approach the minimum val 
ues shown in Table 3 for individual bars cut from 
castings. The data further show that chills may be 
used to improve the mechanical properties of heavy 
sections. The maximum properties in AZ92A_ plates 
which were obtained by chilling averaged about 40,- 
000; 22.000; 2-4 (near the chill). At distances away 


TABLE 3 — SOME MECHANICAL PROPERTIES OF 
CAST MAGNESIUM ALLOY AZ92A 


rs YS 


40.000 22 000 
34,000 18,000 N.R.® 
>5.500 16,000 N.R 


17.000 13,500 N.R. 


40.000 22.000 


Fig. 7—Photomicrographs showing effect of chilling on the 
massive compound of sand cast 1-1/2-in. AZ91C plates. Glacial 


Fig. 7a—C ating-O, 0.3 in. f hi ; 
ig. 7a—Compound rating-O, 0.3 in. from chill. acetic acid etch. LOOX. 


Fig. 7>—Compound rating—4, 2-1/2-in. from chill. Fig. 7-—Compound rating—7, 0.3 in. from unchilled end. 
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from the chill, the properties decreased. Even at con- 
siderable distances away the properties remained sub- 
stantially above those of the unchilled plates. 

Table 4 lists similar mechanical property data for 
\Z9Y1C alloy. Minimum mechanical properties in the 
cast-to-size test bar of 34,000; 16,000; 3 are required 
by specification. However, the properties in the cast- 
ing may average as low as 25,500; 14,500: 3/4. Indi- 
vidual bars from the casting with properties exceeding 
17,000; 12,000; 0 are acceptable as long as the aver- 
age (of bars tested) meets the above level. Figures 
f and 5 indicate that thin-section plates may possess 
properties equivalent to those of the cast-to-size test 
bar minimums. Properties of heavier sections are con- 
siderably lower. 

Chilling of AZ9IC alloy plates results in improve- 
ment of the properties of the heavier section plates. 
The improvement with AZ92<A is felt at distances well 
removed from the chill. Maximum properties (obtained 
near a chill) were approximately 42,000; 22,000; 4-6 for 
all plates. 

\ limited investigation of the mechanism whereby 
chilling improves mechanical properties of cast mag- 
nesium alloys has indicated two variables are im- 
portant. These are 1) grain size and, 2) compound 
rating. Both coarse grain size and high-compound 
ratings are expected to result in low mechanical 
properties. In the unchilled 1/4-in. plate a relatively 
fine grain size and low compound rating was observed 
(Table 2). As the plate section was increased, the 
grain size and compound rating also increased. 

Chilling reduced the grain size and compound 
ratings of all plates (near the chill) to levels lower 
than those of the 1 4-in. plate. In the thinnest plates, 
the chill effect of the sand is adequate to produce a 
tine structure essentially free of coarse compound. 
Chilling is essential to achieve this in the heavier 
plates, at least with the heat treatment practice em- 
ployed. Investigation of possible eftects of chilling on 
microporosity is anticipated but has not yet been 
undertaken. 


Rigging Design of High Strength Magnesium Castings 


The data presented are intended to serve as a 
guide for use in chill placement on production-type 
castings when uniformly high mechanical properties 
are desired. It should be possible to effectively cut 
intricate castings into a series of plates by alternate 
risering and chilling. Mechanical properties in the 
casting should be obtained equivalent to those obtain- 
ed in chilled plates. 

Mechanical properties (Fig. 4) of 25,000 psi ulti- 
mate tensile strength, 15,000 psi yield strength, and 
2-4 per cent elongation would be expected in an un- 
chilled AZ91C casting in a 1-1, 2-in. thick section. By 
chilling and risering this section so the maximum 
distance between chill and riser is 2 in., properties of 
about 37,000; 18,000; 3-5 would be expected. Such a 
chill-riser distance should be feasible in production. 
The properties obtained (37,000; 18,000; 3-5) are an 
improvement in tensile strength of 46 per cent, in 
vield strength of 2 per cent, and a four-fold increase 
in elongation over present minimum properties of 25,- 


500; 14,500; 3/4 (Table 4). 


34] 


TABLE 4 — SOME MECHANICAL PROPERTIES OF 
CAST MAGNESIUM ALLOY AZ9IC 





I Y.S 


lest Bar psi psi 


0.505 Cast to Size Test Ba lypical 10,000 19,000 
0.505 Cast to Size Test Bar Min 4.000 16,000 
Test Bars Cut from Casting Ave 25.500 14,500 
lest Bars Cut from Casting Min 17.000 12.000 
lest Bars taken from Chilled Area of 
Sand Casting, from metal of controlled 
chemistry, gas and heat treatment 
typical 11.000 20,000 i 


A.S.M. Commitee on Magnesium, ““Magnesium and Magnesium Alloys” 
Metal Progress, V. 66, No. 1A, July 15, 1954, p. 73 

QOQ-M-56(a), September 3, 1957 

QQ-M-56(a), These properties are representative of the weakest areas 
In any type casting for magnesium alloy AZ9IC, adjacent to sprues 
ind risers 





The data obtained indicate that chilling of casting 
sections of less than 1/4 to 1/2-in. should result in 
little property improvement, unless bosses or other 
hot spots act to slow the cooling rate. A degree of 
caution is necessary in the application of the data, 
as the numerical values obtained are dependent on 
variables. These may vary from heat to heat or cast- 
ing to casting. Some of these variables are chemistry, 
heat treatment, metal gas content, chill wash, thick- 
ness, and chill-contact area. However, the qualitative 
use of the data on production type castings appears 
justified. 


SUMMARY 


Data showing the effect of section size and end 
chilling on the mechanical properties of AZ9ILC and 
\Z92A alloy plates have been presented. As section 
size was increased, mechanical properties of plates 
of both alloys decreased. 

End chilling improved the mechanical properties 
of the heavy section plates (over 1 2-in.), but had 
little effect on the properties of the thinner section 
plates. Apparently, the chill effect of the sand alone 
was sufficient to produce high mechanical properties 
in the thinner plates. 

The data presented is intended for use in the rig- 
ging of high-strength, magnesium-alloy castings. By 
judicious use of chills on heavy sections of castings, 
and careful foundry practice, properties above present 
minimum values may be consistently obtained in 
the casting regardless of casting section size. 
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TABLE D — MECHANICAL PROPERTIES OF CHILLED 
PLATES — AZ91C ALLOY — HEAT B 
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TABLE G -* MECH ANICAL PROPERTIES OF UNCHILLED TABLE H — MECHANICAL PROPERTIES OF UNCHILLED 
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SOME FACTORS AFFECTING THE TOUGHNESS 
OF MILD STEEL CASTINGS 


By 
Herbert H. Fairfield* and John A. Ortiz** 


ABSTRACT 


The influence of sulfur, carbon and hydrogen on steel 
ductility is discussed, as well as the effects of various 
steelmaking operations during melting. Reduction of area 
is used as the measure of toughness. All reduction of 
area values quoted are from separately cast test bars 
which have been normalized from 1650 F and drawn for 
8 hr at 1250 F. 


INTRODUCTION 

This paper refers to mild steel made in the electric- 
arc furnace. The majority of steel castings are made 
to conform with the A. S. T. M. Specification A-216- 
33T which requires tensile test bars to meet the re- 
quirements in Table 1. 

Reduction of area is used here as the measure of 
steel quality. The discussion will be confined to those 
factors which affect reduction of area (RA). 

All of the RA values quoted are trom separately cast 
test bars which were normalized at 1650 F, and drawn 
tor 8 hr at 1250 F. 
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TENSILE STRENGTH 
When using RA as an index of toughness, it is 
necessary to correct for the effect of tensile strength. 
Table 2 shows the approximate relationship between 
RA and ultimate tensile strength of plain carbon 
steel castings, as observed in the authors’ company. 
All RA values in this paper are corrected to 75,000 
psi. A test bar with a tensile of 84,000 psi, and an RA 
of 45 per cent would be corrected as follows: 
1—Normal RA for 84,000 psi is 48 per cent for steel 
made in an acid furnace. 
2—Test bar is 3 per cent lower than normal. 
3—Normal RA for 75,000 psi is 52.5 per cent. 
4—Corrected RA is 52.5 minus 3 per cent, or 49.5 
per cent. 


°Chief Metallurgist and °* Melting Foreman, Los Angeles Steel 
Castings Co., Los Angeles, Calif. 
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Another measure of steel] quality mentioned in the 
literature is the p value. 
p = 6000 RA plus tensile strength in psi 
5000 


EFFECT OF SULFUR ON RA 

Results of a survey of test bar from both acid and 
basic steel shows the relationship between sulfur and 
RA shown in Table 3. The optimum range for sulfur 
appears to be 0.015 to 0.030 per cent. Sulfur forms 
brittle grain boundary inclusions above 0.03 per cent. 

It has been observed that when sulfur is less than 
0.015 per cent erratic test results occur. The reason 
is that long periods of time under a reducing slag are 
required to lower the sulfur content in the steel. This 
condition exposes the metal to the possibility of hy- 
drogen absorption. Hydrogen is then the cause of 
lowered ductility in the metal. 


ACID OR BASIC STEEL 
If scrap is available which contains less than 0.025 
per cent sulfur, high-ductility steel can be made in 
an acid-lined furnace. When the sulfur content ot 
scrap is over 0.03 per cent, if highest ductility is re- 
quired, it is necessary to use the basic furnace for 
melting. 


TABLE 1 — TENSILE TEST BAR REQUIREMENTS 





70,000 psi min. 
36,000 psi min. 
22 per cent min. 
35 per cent min 


Tensile strength 
Yield strength 
Elongation 
Reduction of Area 





TABLE 2 — EFFECT OF TENSILE STRENGTH ON 
REDUCTION OF AREA — CARBON STEEL 


REDUCTION OF AREA 








Tensile Acid Basic : Acid 
Strength Furnace Furnace Furnace 
psi 0.20—0.30% C 0.20—0.30% C 0.35—0.45% C 





70,000 5! 58 
72.000 57 
74,000 

76,000 

78,000 

80,000 

82,000 

84,000 

86,000 
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CARBON 


Statistical analysis of tensile results are shown in 
Table 2. At 0.40 per cent carbon, RA averaged 5 per 
cent lower than when carbon was 0.25 per cent. For 
highest ductility in carbon steel, a maximum of 0.33 


} 


per cent carbon is recommended. 


HYDROGEN 


The effect of hydrogen upon reduction of area is 
shown in Fig. 1. In the data presented only four ppm 
of hvdrogen lowered the RA to 34 per cent. It is as- 
sumed, therefore, that hydrogen is a major cause of 
low ductility. 

Germain’ states that the chief source of hydrogen 
in melting is the breaking down of water vapor during 
meltdown. Arness* points out that when the oxidation 
phase is completed and the bath killed (de-oxidized ) 
hydrogen absorption starts. It is also known that wet 
ladles will introduce hydrogen into the metal. 

Sims* has demonstrated the correlation between 
atmospheric humidity and the hydrogen content of 
steel. Since the metal bath is so vulnerable to the 
detrimental effects of the atmosphere, it would seem 
desirable to control the furnace atmosphere. In one 


instance cupola air supply has been brought under 


humidity control, and it is claimed that iron quality 
was improved. Post* reports favorable results from 
introducing dry nitrogen into the electric furnace to 
reduce humidity. 

The danger of hydrogen pick up is increased by the 
addition of smoke control equipment to the furnace. 
The strong draft from dust collecting devices makes 
more air pass through the furnace. On some metals 
sensitive to hydrogen (stainless steel), pinholes can 
be eliminated by shutting off the smoke collecting 
system. 

\ rapid test for hydrogen in steel would be helpful 
to the steel melter. Peifer® has shown that progress is 
being made in developing such a test. Lacking any 
information on the hydrogen content of the steel bath 
after it is melted down, the only safe conclusion to 
make is that it contains an excessive amount of hy- 
drogen. Hydrogen removal is accomplished by a boil. 


AiSi 1010 
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TABLE 3 — EFFECT OF SULFUR ON REDUCTION 
OF AREA 





Reduction of Area 
Corrected to 75.000 psi 


Sulfur Range 
¢ Median Value, 


0.010—0.014 53.6 
0.015—0.019 56.5 
0.020—0.024 55.5 
0.025—0.029 55.2 
0.030—0.034 54.0 
0.035—0.039 52.0 
0.040—0.044 50.0 
0.050—0.059 12.0 
0.060—0,.069 36.0 





THE BOIL 


The boil phase of steelmaking is initiated by adding 
carbon to the bath along with iron ore or oxygen. 
Carbon monoxide that is formed bubbles up through 
the metal. The boil has several beneficial effects, 1) 
it causes a uniform distribution of temperature and 
composition, 2) it Hushes out dissolved hydrogen and 
nitrogen, 3) it probably aids in removing slag, dirt, 
and nonmetallic inclusions. 

One satisfactory procedure for electric furnace melt- 
ing is to add ore with the charge, raise the carbon to 
0.50 per cent, and oxidize until carbon is reduced to 
0.20 per cent or less. This will require about 3 per 
cent ore for basic, and 6 per cent ore for acid fur- 
naces. Another method is to melt down high in car- 
bon and add enough ore or oxygen to get the boil 
started. 

The effect of the boil on hydrogen content cannot 
be measured directly during melting. However, there 
are several useful measures that have proven corre- 
lated to the toughness of the finished test bar. Faist 
and Wyman" showed that the rate of carbon drop 
was related to metal quality. When carbon was re- 
duced at the rate of 0.03 per cent per min, high duc- 
tility was obtained. 

A manganese analysis at the end of the boil is also a 
useful index of optimum boil conditions. Figure 2 
shows that basic steel heats have the highest RA when 
oxidized down to about 0.12 per cent manganese. 

The practise at the writer's foundry is to melt down 
high in carbon, send a carbon test to the laboratory, 
and send another test at the end of the boil. Figure 3 


TAP MANGANESE AND TOUGHNESS 
NO. ONE FURNACE, BASIC 





KILLED STEEL 


REDUCTION OF AREAS 


| 
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LSMANGANESE AFTER BOIL 
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‘ CARBON DROP 





HYDROGEN PPM. 


Fig. 1 — Effect of hydrogen upon reduc- 


tion of area. of basic steel. 
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Fig. 2.— Tap manganese and toughness 
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Fig. 3 — Carbon drop and reduction of 
area, basic steel. 
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Fig. 4 — Effect of 
acid slag viscosity 
on metal quality. 


%Ffailed Tests 


s|—+—— 


—}- 4 6 © 2 Hw 
Slag Viscosity - Inches 


shows the carbon drop obtained from these tests 
plotted together with the final RA of the test bar. 

\ carbon drop of 0.30 per cent coincided with 
maximum ductility. No further improvement was ob- 
tained by reducing more than 30 points of carbon 
during the boil. 

By means of carbon and manganese tests, the boil 
can be measured and boil characteristics can be cor- 
related to test bar results. 

The nature of the final slag has an effect upon the 
quality of test bars produced. Dr. Sims? states that the 
most important function of a slag seems to be to serve 
as a reservoir for oxygen during the carbon boil. Slag 
will hold an unlimited amount of oxygen, and _ will 
continue to oxidize the steel unless the slag itself is 
deoxidized. The FeO content of the slag is used as a 
measure of its oxidizing power. Results may be re- 
ported as Fe or FeO. 1.295 grams of FeO contain 1.0 
gram of Fe. 

Carter* reports that both oxidizing and reducing 
slag extremes proved detrimental to quality. This 
statement is corroborated by many writers. 


ACID PRACTICE 

Johnson® showed that the best test bars were ob- 
tained with a final slag fluiditv of 8 in., using the 
Herty'’ viscosimeter. Juppenlatz'' reported relation- 
ships between slag viscosity and composition. 

Figure 4 shows the relationship between slag and 
metal quality as found by Johnson and McDonough. 
In Fig. 5, Faist and Wyman indicate that maximum 
ductility coincided with a final slag containing 10 to 
14 per cent FeO. 

The writers’ findings on tapping slag in acid prac- 
tice, and its effect upon RA, are shown in Figs. 6 and 
7. Heats for large castings were tapped at a tempera- 
ture of about 2950 F. The highest ductility in these 


Factors Affecting Steel Castings 


floor heats coincided with a green slag containing 
about 5 per cent Fe. 

Heats for small castings were tapped at about 3150 
F. Figure 7 indicates that these hot “bench” heats had 
the highest ductility when the final slag contained 
about 10 per cent Fe (black slag). 

The optimum slag condition is dependent upon 
tapping temperature. Further work is needed to clari- 
fy this relationship. 


BASIC PRACTICE 

Statistical analysis of test results in the writers’ 
plant indicate that the optimum lime content for a 
tapping slag was 35 per cent. Heats tapped at 2950 F 
showed the highest RA when the Fe content of the 
slag was 3 per cent to 9 per cent. Heats tapped at 
3150 F had the highest toughness when the tapping 
slag contained 5 per cent to 10 per cent Fe. 

As Fig. 1 shows, a slight amount of hydrogen can 
cause low RA. The presence of dissolved FeO in the 
metal is presumed to prevent the absorption of hy- 
drogen. A simple test for FeO in the metal can be 
made by dipping out a sample, and pouring it into 
an iron mold. Results are shown in Fig. 8. If the 
metal contains FeO, it will give off a shower of sparks, 
as shown on the right hand side of Fig. 8. The solidi- 
fying metal will mushroom. The experience of the 
writers has been that for highest quality steel, the 
bath should be kept wild or oxidized until tapped 
into the ladle. 

When slag and temperature have been adjusted, 
and bath composition is known the heat is ready to 
be tapped. No benefit will be obtained from holding 
the heat in the furnace beyond this point. “The re- 
ducing period, save for the instances where it is 
desirable to recover oxidized alloys from the slag, 
performs no useful function in steelmaking”, M. V. 
Healey reported." 

Where it is necessary to recover alloys from the 
slag, a reaction which would require 45 min in the 
furnace can be effected in a few sec by tapping slag 
and metal together in the ladle. Merrill and Vincent!” 
described heats of alloy steel in which the slag con- 
tained 6 per cent chromium. By first reducing the 
slag, and then tapping slag and metal together, nearly 
all of the chromium was recovered in less than one 
min. 
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Fig. 5 — Effect of FeO content of 
acid slag on metal quality. 
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EFFECT OF TAPPING SLAG 
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The Perrin process'* demonstrates the speed of 
slag-metal reactions in the ladle. In this process, metal 
from the acid furnace is poured into a ladle contain- 
ing slag. Within 45 sec sulfur is reduced from 0.05 
per cent to 0.015 per cent. 

The above instances demonstrate that slag-metal 
reactions take place rapidly in the ladle. The operator 
can prevent or cause slag-metal reactions by his con- 
trol over the tapping operation. 

Before tapping, the temperature of the bath must 
be raised above 2960 F. This insures that the metal is 
fluid enough to react with deoxidizers and to enable 
entrapped oxides to float to the top of the ladle. 

One ton of steel can be de-oxidized with 2 lb of 
aluminum. One ton of slag could easily require 100 
lb of aluminum for de-oxidation. Therefore, if the 
aluminum comes into contact with the slag it can be 
used up instantly. McCoy" states, “If we get improper 
de-oxidation that takes place when aluminum comes 
into contact with the slag we run into type two in- 
clusions and our ductility drops off almost 50 per 
cent’. 

One of the major causes for variation in RA is tap- 
ping slag and metal into the ladle together. The tap 
hole must be small enough, and the furnace tipped 
quickly, so the metal is tapped out from under the 
slag. This permits the metal to be completely de- 
oxidized before the slag comes out of the furnace. 

Figure 9 shows the enlarged tap hole which permits 
slag to exit with the metal. This figure also shows the 
same tap hole rammed to the proper size. 

Figure 10 shows the microstructure resulting from 
high FeO in tapping slag and poor tapping practices. 


Fig. 9 — Size of tap hole may de- 
termine metal quality. Left — Tap 
hole right size; Right — Tap hole 
too large. 


IRON IN TAPPING SLAG 


As long as the bath contains dissolved FeO, it 
should not absorb hydrogen. However, the FeO must 
be removed before the metal is cast. Sufficient de- 
oxidation is obtained by adding enough manganese 
to leave a minimum of 0.40 per cent in the metal, 
and enough silicon to leave a residual of 0.30 per 
cent or higher, plus 2 Ib aluminum per ton. When 
these de-oxidizers have been added, the metal is in 
a state to absorb hydrogen. The electrodes should on 
no account are on the metal after de-oxidation. 

Heats tapped at 3150 F can be de-oxidized in the 
ladle. Heats tapped at 2960 F can be partly de-oxi- 
dized in the furnace prior to tapping. 

Before the steel foundry melter can make the best 
use of special de-oxidizers, he must solve the problem 





Fig. 8 — The dead test indicates gas conditions in the bath. 
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of controlling the FeO content in the final slag and 
metal. The problem of tapping a heat without slag- 
metal reaction in the ladle must also be controlled. 

The oxides of silicon, aluminum, calcium, chromi- 
um, and magnesium present in furnace retractories 
all have high melting points. These oxides float to the 
top of the ladle and present no hazard to quality 

Calcium silicates and iron silicates having lower 
melting points, make a thin slag that is difficult to 
separate from the metal and may show up as slag 
spots in the castings. Careful skimming and gating 
practices can minimize this type of defect 

Iron oxide and FeS are the main agents in forming 
non-metallic inclusions. They are dissolved in the 
metal and precipitate out on solidification. Crafts 
and Hilty'® have shown the phase relationships which 
determine whether favorable or detrimental inclusion 
patterns will result. Figure 10 shows two types of 
inclusions. A slight change in de-oxidation balance 
resulted in a difference in RA of more than 20 per 
cent in this case. 

Better methods of slag testing, and better control 
over tapping practise, are required in order to bring 
non-metallic inclusions under control. 


CONCLUSIONS 

Sulfur over 0.030 per cent will cause lowered duc- 
tility. 
Carbon contents above 0.33 per cent result in lower 
toughness than is obtained in 0.20—0.30 C steel. 
Each ppm of hydrogen may lower reduction of 
area (R.A.) by 10 per cent. 
Boiling the bath improves metal quality. The boil- 
ing operation can be measured by means of carbon 
and manganese tests. 
The amount of FeO in the slag before tapping has 
an effect upon reduction of area. The optimum FeO 
content varies depending upon tapping tempera- 
ture. Acid heats tapped at 3150 F have the highest 
RA when the final slag contains about 10 per cent 
Fe. 
Metal in the furnace should always contain FeO. 
This is assurance against hydrogen pick up. 

. Tapping temperature must be high enough to al- 
low entrapped non-metallic inclusions to float to 
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Factors Affecting Steel Castings 


Fig. 10 — Effect of 
slag on metal 
quality. Left—nor- 
mal basic steel: 
Right — poor qual- 
ity due to inclu- 
sions. Unetched, 
500. 


the top of the ladle. A minimum tapping tempera- 
ture of 2950 F is recommended. 

S. Tapping must be done so as to prevent slag-metal 
reaction in the ladle. 


Some of the factors affecting reduction of area val- 
ues of mild steel test bars have been discussed. Ab- 
solute control over these factors is not vet possible. 

Rapid tests for hydrogen in steel, FeO and MnO in 
slag, and FeO in steel would be helpful. 
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LADLE HEATING IN 


THE FOUNDRY 


Randolph B. Renda* and William M. Zeunik 


INTRODUCTION 


The object of this experiment was to determine the 
most efficient and economical way of heating ladles. 
Determination of the following, by using different 
methods of heating and different types of burners, 
were also included: 

1. The maximum temperature that can be attained 

in ladles, 


2. The time required to obtain this maximum tem- 
perature. 

y ry . . ° . . 

3. The temperature gradient obtained in the lining 


of the ladle. 
The two different types of burners used were a) 
premixing, and b) aspirator. 
To clarify the results obtained from each burner, 
this experiment was divided into two parts. Each part 
deals with one type of burner. 


PREMIXING BURNER 


An investigation of different methods of heating a 
ladle by a premixing burner revealed that the method 
in use in the plant is the most effective. It also re- 
vealed the existing installations of these burners, now 
being used, are not in accordance with the manufac- 
turers recommendations. This fact was a possible ex- 
planation of the inefficiency of the premixing burner 
in comparison with the aspirator-type burner. 


Apparatus and Method for Heating a Ladle with a 
Premixing Burner 

A 250-lb ladle was lined in the usual fashion with 
a proprietary material. The composition of this mate- 
rial is crushed firebrick and rock. The thickness of the 
lining varied from 1 to 2 in. 

Seven thermocouples of chromel-alumel composition 
were inserted into the lining. These were pushed into 
the lining from the outside through %-in. holes cut in 
the ladle. Five of these holes were located in the 
back-side of the ladle. Through these holes five ther- 
mocouples were inserted into the lining to various 
depths. One thermocouple was placed at the bottom 
and one in the front underneath the lip. Temperatures 
were read with an indicating pyrometer. 

The setup used in heating the ladles for this part 
of the experiment is shown in Fig. 1. 





*Instructor of Mech. Eng., Purdue Univ. 
®°Technical Director, Indianapolis Works, National Malleable 
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The premixing system mixes any clean gaseous fuel 
with air drawn in from the atmosphere through the 
ratio-valve on the blower inlet. The air-gas mixture 
formed is delivered by means of suitable piping to 
one or more burner nozzles. The combustion mixture 
is directed through the nozzles and burned. 

The equipment used consisted of: 

1. The premixing burner proportions and premixes 
the air and gas for combustion. It then delivers the 
mixture under pressure to the burner nozzles. The 
recommended manifold pressure at the nozzle farthest 
removed from the burner is 0.4 in. water column. 
(1.75 in. of water column equals 1 ounce per sq. in. ) 

2. A safety shut-off valve provides automatic clos- 
ing of the fuel line in case of interruption or failure 
of the electric current. 

3. A main gas shut-off cock is used to manually 
shut off the gas to the unit. 

4. Burner nozzles of 1'2-in. were used to direct and 
maintain ignition of the gas-air mixture supplied. 

The recommended installation setup includes a gas- 
pressure regulator which is used to eliminate fluctua- 
tions in the gas supply pressure caused by the opera- 
tion of other units on the same supply line. It is also 
recommended that the gas pressure regulator be ad- 
justed for a downstream pressure of 2 ounces (3.5 
in. of water column) while the unit is operating 
wide open. 
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Fig. 1—Setup used in heating ladles for premixing burner 
tests. 
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All of the above recommendations are made on the 
assumption that the gas supplied to the unit at the 
pressure-regulator inlet varies between 2 ounces and 
5 ounces per sq in. However, results of the tests have 
indicated that for the present installations there is 
a gas pressure of 0.0 to 0.1 ounces in the gas supply 
lines to the units while all the units are in operation. 

5. The gas pressure capacity is 2 ounces at the pre- 
mixing inlet. The firing rate is 900,000 Btu per hr. 
In a setup where four burner nozzles are being sup- 
plied by one premixing unit, the capacity per burner 
is 225,000 Btu per hr. Since the gas being supplied 
has a rating of 570 Btu per cu ft, each burner has a 
capacity of 440 cu ft per hr under recommended oper- 


ating conditions. 
TESTS MADE 


TEST I—A ladle was heated in the manner shown 
in Fig. 2. The flame was directed into the spout; 


the ladle was closed with a steel lid. 
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Fig. 2—Method of heating ladle for test one—premixing 
burner. 
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Fig. 3—Thermocouples in back wall. 
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Foundry Ladle Heating 


This ladle was heated for a period of 3 hr. Temper- 
ature readings were taken at one min intervals for 
the first 15 min, and at 5-min intervals for the rest 
of the test. Maximum temperatures obtained in the 
heated side of the lining 1/8-in. from the surface 
were 1600 F and 800 F on the opposite side 1/8-in. 
from the outer surface. It took one hr and 30 min 
of heating to reach equilibrium. 

Temperature—time curves are shown in Fig. 3. Tem- 
peratures observed gave a temperature gradient that 
was a linear function of the distance from the heated 
surface. The slope depended upon the thermal con- 
ductivity (K) of the lining material, which was in 
the range 0.70 to 0.85. 

Figure 4 shows that parts of the ladle reach equili- 
brium temperatures long before another part does. 
There is a considerable difference in temperature in 
different parts of the ladle lining. This could well 
have been due to the manner in which the flame of 
the burner impinges on the ladle lining. 

After about one hr and 40 min there was a notice- 
able decrease in the maximum temperature registered. 
The reason for this was investigated during the next 
run which continued for 8 hr. It was observed that 
the maximum temperature decreased about 100 F 
whenever the other two units drawing gas from the 
same main gas line were put into operation. This 
effect can be seen in Fig. 3. 

This was believed due to the absence of gas pres- 
sure regulators, and to the low gas pressure in the 
main line. In checking for the cost of this type of 
ladle heating, the gas meter was clocked while nine 
of the 12 burners were in operation. The rate of gas 
consumption was 48 cu ft per min. Based on this 
figure, the actual rate of firing per burner was found 
to be 320 cu ft per hr. This makes the cost of 
heating one ladle 19 cents, or a cost of 4 cents per 
100 cu ft of gas. 
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Fig. 4—Thermocouples 1 /8-in. from surface. 
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In the subsequent tests only a few of the available 
curves are shown in order to simplify the graphic 
presentation. 

TEST Il—For this test the ladle was turned around 
and heated from the back through a hole cut in the 
lid. This is shown in Fig. 5. 

The test coincided with the second day of a three- 
day shutdown. This meant that the other two units 
on the same main gas line were turned off all day. 
The flame was neutral to oxidizing and steady all 
during the day. 

The heating method used in this test did not seem 
to be as efficient as the previous method. This was 
because flame escaping through the lip, and the sub- 
sequent creation of a draft, carried away the convec- 
tion heat at a rapid rate. The effectiveness of the con- 
duction heat in the ladle lining was thus reduced. 

The observed maximum temperature was 1600 F 
registered by the thermocouple placed underneath 
the lip. Compensating for the fact that this thermo- 
couple was on the surface of the lining would reduce 
this temperature to about 1500 F. Figure 6 shows the 
temperature—time curves obtained. 

According to the literature furnished by the manu- 
facturers, it is desirable to maintain a balance or 
slightly positive internal pressure (0.0 in. to 0.5 in. of 
water column) in the ladle. This is to secure maxi- 
mum efficiency and the most effective combustion. 
Higher internal pressures reduce the capacity of the 
premixing unit, and maximum operating temperatures. 
TEST III—A different method of heating was em- 
ployed for this test, as seen in Fig. 7. An insulating 
brick wall was built around the burner nozzle. The 
ladle was put above this wall in an inverted position. 

This test continued for 3 hr (Fig. 8). The maxi- 
mum temperature reached was 1300 F. This was after 
making corrections and considering the fact that 
the thermocouple nearest to the surface of the lining 
was 3,/8-in. The explanation for this relatively low 
maximum temperature seemed to lie in the fact that 
the coefficient of radiant heat transfer for the insulat- 
ing bricks was lower than that of the iron lid of the 
ladle. When the ladle was being heated in the usual 
fashion, as in Test 1, the lid became red hot and re- 
ected part of the heat it absorbed as radiant heat to 
the surface of the lining. 

TEST IV—For this test (no photographic record is 
available) the method of catching iron from the fur- 
nace was utilized to heat the ladle. First the ladle 
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Fig. 5—For test 2, 
premixing burner, 
the ladle was heat- 
ed from the back. 
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Fig. 6—Temperature-time curves, test 2, premixing burner. 
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Fig. 8—Temperature-time curves, test 3, premixing burner. 
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was heated with gas for 3 to 4 min until the tempera- 
ture of the lining reached 200-250 F 

Then the ladle was moved to the furnace along 
with the thermocouples and the pyrometer. It took 
27 sec to fill the ladle with molten iron at a tempera- 
ture of about 2800-2900 F. Another min was required 
to move the ladle out of the way. The molten metal 
was kept in the ladle for 5 min and then poured 
out. This operation took one min and 30 sec. Catch 
ing the next iron required 24 sec. This was kept in 
the ladle for 11 min before pouring it out. 

This whole test took exactly 20 min. The maximum 
temperature registered was 1690 F which was ob- 
served after 14 min of the test were completed. 
This was 7 min after the ladle was filled with the 
molten metal for the second time ( Fig. 9 

According to the figures available it costs $10.00 
to heat up 20 tons of molten metal each additional 
200 F. It would cost 12 cents to heat 250 lb of molten 
iron from 2400 F to 2800 F. The cost of heating a 
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Fig. 9—Temperature-time curves, test 4, premixing burner. 
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Fig. 10—Equipment used for tests with aspirator-type burner. 
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Foundry Ladle Heating 


ladle for this experiment by utilizing molten metal 


was 24 cents. 


ASPIRATOR-TYPE BURNER 


\pparatus and Method for Heating a Ladle with the 
Aspirator-Type Burner 


The second part of this experiment consisted of 
heating a ladle in the usual fashion by using a low- 
pressure aspirator-type burner. 

An aspirator-type burner operates on the same 
principle as a carburetor. Air under slight pressure 
passing through a throat or venturi mixer pulls the 
gas, due to moving air inertia, from the gas pipe 
opening into the mixer. The pressure of this gas is 
reduced to zero absolute or to atmospheric pressure 
through a pressure regulator before it opens to the 
venturi mixer. 

The gas supplied was supposed to be about 2.5 Ib 
per sq in. However, the gauge registered a pressure 
of only 8 ounces at the intake to the atmospheric 
pressure regulator. 

Low pressure air was supplied by a blower. 

Figure 10 lists equipment used. 

An 18-2 atmospheric regulator reduces the pres- 
sure of the gas to atmospheric pressure by the use 
of a diaphragm before the gas enters the venturi- 
aspirator mixer. 

\ 25-2 butterfly valve regulates and adjusts the 
amount of air to be passed through the aspirator to 
obtain the proper and efficient air-gas mixture. 

The 65-2-0 aspirator mixer regulates air flowing 
through the mixer. This accelerates by the venturi 
effect created with a resulting air pressure drop. This 
is caused by conversion of a portion of its pressure 
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Fig. 11—Temperature-time curves, aspirator-type burner test. 
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head to velocity head to give this higher velocity. 
The higher velocity and lower pressure causes the 
gas to flow into the mixer where the proper mixing 
takes place. 

The 102-2-D 1'2-in. burner nozzle directs and main- 
tains ignition of the mixture supplied. Its capacity is 
280,000 Btu per hr, or 440 cu ft per hr. 

This test was run for 3 hr. A maximum temper- 
ature of 1700 F was observed after 35 min heating. 

Data are plotted in Fig. 1] ). 

The higher maximum temperature obtained in a 
shorter period of heating (compared to the preceding 
tests) was believed the result of better control of 
the combustible mixture. 

The cost of heating one ladle for 35 min was eight 
cents. 

Another burner of the aspirator type was tested 
and found less efficient than that described here. This 
second burner (of different make) heated more slow- 
ly. It did not give more than 1600 F temperature of 
the lining. 


CONCLUSIONS 
The results of the tests conducted for Part I of this 
experiment indicate that the manner in which the 
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ladles are being heated at the present time (ladle 
right side up, lid on and closed, flame applied at the 
lip of the ladle) is the most efficient. Explanation for 
this is that it is possible to maintain a balanced or 
slightly positive internal pressure in the ladle by this 
method. Also there is also a radiant heat exchange 
between the red-hot lid and the lining of the ladle. 

\ comparison of the results obtained from the three 
different burners used points to one of the aspirator 
type as the most efficient and economical under the 
conditions employed here. 

To reach a maximum temperature of 1600 F with 
a premixing burner required one hr and 30 min heating 
at a cost of 10 cents. 

The aspirator type burner required a heating peri- 
od of only 35 min to reach a maximum temperature 
of 1700 F at a cost only eight cents. 

With the other burner 1%-hr of heating brought 
the maximum temperature to 1600 F at a cost of 20 
cents. 

These costs compare with 24 cents for heat lost 
from molten iron to the lining of an unheated ladle. 

In comparing the above results it should be kept 
in mind that the premixing burner was not operating 
under the recommended conditions. 
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A CASTING TECHNOLOGY FOR REACTIVE METALS 


By 


F. W. Wood*, S. L. Ausmus**, and E. D. Calvert* ** 


ABSTRACT 


The equipment and practices employed in consum- 
able-electrode, cold-mold arc-casting are briefly des- 
cribed. Some cast products are illustrated and_ their 
quality is discussed. Major areas of potential process 
improvement are noted. Average pouring temperatures 
between 3300F and 4500F, electrical efficiencies be- 
tween 15 per cent and 60 per cent, and metal yields 
between 30 per cent and 75 per cent were revealed by 
a study of operating variables and their effect on fur- 
nace performance for titanium casting. Low carbon con- 
tamination is reported when molds of commercial gra- 
phite are used. A comparison with rammed graphite 
molds is made. Practicality, efficiency, reliability, and 
versatility are claimed for the process. 


INTRODUCTION 
This paper will review a system of reactive metals 
casting developed, practiced and still undergoing ex- 
tension and refinement at Bureau of Mines laborato- 


*Supervisory Physicist, °° Metallurgist, and °*°* Physical Chem- 
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Fig. 1 — Schematic drawing of consumable-electrode arc-cast- 
ing furnace. 
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ries in Albany, Oregon. The basic techniques and 
equipment will be described, some of the capabilities 
as demonstrated by experimental casting will be cited, 
and finally certain process variables will be discussed. 

The present casting system has evolved from work 
on the casting of titanium begun in 1953, and origi- 
nally supported by Watertown Arsenal Laboratories. 
The Atomic Energy Commission has sponsored adap- 
tation of the method to zirconium, hafnium, and 
other nuclear-age metals. The Bureau of Mines is 
continuing, under its program, research on titanium 
casting. The status of development as of July, 1955 
has ben reported previously.' 


PRACTICE AND EQUIPMENT 

In essence, the casting method is a modification 
of conventional consumable-electrode arc melting in 
a water-cooled copper crucible. The principal differ- 
ence in equipment is the design and mounting of the 
crucible. In standard arc-melting furnaces, the crucible 
is rigidly mounted and its water jacket is usually 
removable. In a casting furnace, the crucible and its 
water jacket are integral, constituting a trunion-mount- 
ed ladle that can be tilted to pour the molten por- 
tion of its charge over the lip. 

A relatively thin solid shell or skull of metal is 
left behind in contact with the cold copper ladle. 
This skull may be left in place for succeeding cycles 
with the same metal or alloy. The techniques of oper- 
ation are also similar to those for normal are melting, 
except that in casting the range of effective conditions 
is narrower. Of course, entirely new problems foreign 
to conventional arc-melting operations are introduced 
in connection with materials and designs for molds. 

A typical consumable-electrode arc casting furnace 
is illustrated schematically in Fig. 1. An overhead sus- 
pension (1)* from an electric hoist supports the elec- 
trode assembly. Gravity advances the electrode as the 
suspension is lowered. An important link in the elec- 
trode assembly is a pneumatic cylinder (2) that with- 
draws the electrode (7) rapidly from the ladle (8) 
at termination of the arc. Delays are avoided by this 
method in transferring molten metal from the ladle 
to the mold (12). Flexible hoses (3) carry cooling 
water. 

Flexible cables (4) or water-cooled copper brushes 
faced with graphite deliver electrical power (usually 


*Numbers in parentheses refer to numerals on the figure. 
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negative potential) to a hollow copper shaft (or sting- 
er) (6). This slips through a vacuum gland (5) to 
support the consumable portion of the electrode assem- 
bly. When the desired length of electrode has been 
consumed and the remaining electrode has been with- 
drawn, the ladle is tilted by torque applied to a shaft 
outside the furnace and transmitted through another 
vacuum gland (5) to either a simple drum and 
cable (9) or a spur-gear transmission. 

The ground power connection (4) is made to 
heavy-walled copper pipe (3) that carries cooling 
water through still another vacuum gland to the ladle. 
The water-cooled furnace shell (11) is evacuated both 
before and during operation through a port (10) lead- 
ing to a mechanical vacuum pump. The Bureau of 
Mines uses 100 to 300 cfm capacity pumps in experi- 
mental operations. However, since evacuation time 
represents a major portion of the operating cycle, 
larger pumps would be advantageous in commercial 
installations. 

Several glass view-ports (13) are provided for ob- 
servation. The danger of an explosive interaction be- 
tween molten metal and water in the event of ladle 
rupture makes remote operation mandatory. Images 
from the view-ports are projected through an optical 
system to a screen at the remote operating site. 

In operation, reactive molten metal must be pro- 
tected from active gases. For casting purposes a vacu- 
um is much preferred over an inert atmosphere. Pres- 
sure is usually allowed to seek an equilibrium value 
depending on pump capacity and the evolution rate 
of gases and vapors from molten metal. Care must 
be exercised to avoid an anomalous nonconsuming 
form of discharge (similar to glow discharge) which 
can occur at lower pressures. 

It has long been suspected and recently confirmed 
by experiments** that even though superficial pres- 
sures as low as 0.0005 mm may be indicated, equili- 
brium pressures at the surface of molten metal are 
tvpically in the range from 0.1 mm to 3 mm. AI- 
though not verified by experiment, there are good 
reasons to believe that equilibrium pressures as high 
as 20 mm may exist under some circumstances. 

Arc currents for titanium casting range from about 
7,000 amps for a 25-30 lb pour to about 11,000 amps 
for a 180 lb pour. Vacuum arcs at these currents re- 
quire about 30 volts. 

The molds most commonly used in static casting 
are semi-permanent assemblies of machined graphite. 
As illustrated by Fig. 2, these molds can be relative- 
ly complex. A laminar structure is employed to avoid 
re-entrant angles on any one mold section. In some 
cases they are used to allow transposition of draft 
from a cast surface to an interface between mold 
sections. A more complete description of such molds 
may be found elsewhere’. 

Despite complexity, graphite molds can be produced 
in quantity at a unit cost in the order of $3.50 per 
lb of graphite in the finished mold. Normally, molds 
may be used dozens of times before replacement is 
necessary, making them much less expensive than 
might be imagined. 

In experimental casting of titanium, machined 
graphite mold costs, reusing molds 8 to 10 times, have 
averaged $2.60 per Ib of finished casting. Any com- 










Fig. 2 — Machined 
graphite valve 
body mold. 





mercial grade of graphite can be used, but superior 
results are realized with dense grades having low ash 
contents. Should a large demand for graphite molds 
arise, at least one major producer of commercial graph- 
ite has expressed interest in molding shapes for cast- 
ing by the same method used for molding commer- 
cial graphite stock. The probable cost is near $0.25 
per lb of graphite. 

As an attractive alternative to commercial graphite, 
various binders may be used to prepare graphitic 
ramming mixtures.° Appropriate firing of rammed 
shapes produces molds somewhat less durable and 
slightly more susceptible to attack than machined 
graphite molds. Although many unfavorable reports 
have been made, special oxide refractories cannot be 
excluded as a second alternative for many purposes. 

An interior view of an arc-casting furnace is shown 
in Fig. 3. In this furnace a centrifugal mold is mount- 
ed in position to be spun on a horizontal axis. These 
molds are steel tubes with graphite inserts machined 
to the desired casting shape. Also shown in the figure 
are a copper ladle at the upper right, a ball-bearing 
union joint in the right foreground, and a graphite 
sprue system that funnels molten metal into the spin- 
ning mold near the center. 


EXPERIMENTAL CASTINGS 
Figures 4 and 5 show three titanium valve shapes. 
Except for seats and threads, the surfaces are as-cast, 
showing the excellent mold reproduction and the 





Fig. 3 — Interior of consumable-electrode arc-casting furnace. 
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Fig. 5 — Cast gate valve assembly. 


Fig. 4 — Cast titanium valves. 


absence of mold reaction attainable by static casting 
in machined graphite. In October, 1957, a series of 
the gate valves shown in Fig. 5 was placed in indus- 
trial service to evaluate performance. They were sub- 
jected to: a) water containing 2,000 ppm chloride at 
284 F (140 C), b) 65 per cent nitric acid at 230 F 

110 C), and c) 15 per cent sodium hypochlorite at 
194 F (90C 

The same valves were hydraulically tested, and all 
seats and gasket seals were found to withstand at 
least 500 psi of sustained pressure. This was the upper 
limit of the hydraulic testing equipment. 

\ short section of six-in. hafnium tube is shown in 
Fig. 6. This tube was produced by spin casting and is 
shown in as-cast condition. Similar tubes of zirconium 
with heavier walls have been successfully used as ex- 
trusion blanks. Figure 7 shows three 18 ft lengths of 
tubing extruded from three separate centrifugally-cast 
blanks. In one instance, extrusion was performed with 
outside surfaces of the blank still in the as-cast condi- 
tion. In the other two cases, all surfaces were ma- 


Reactive Metal Casting 


Fig. 6 — Spin cast hafnium tube. 


chined lightly before extrusion. This practice saves 
valuable metal by reducing machining losses. 

Another variation of the spin-casting technique is 
illustrated by Fig. 8. This is a length of finned-copper 
tube produced in connection with a heat transfer 
problem under a separate study. Admittedly, copper 
is not normally classed as a reactive metal, but since 
it was treated as such the experiment is still of inter- 
est. The figure also shows additional details of cen- 
trifugal mold construction. 

How good are these castings? Twenty-five zircaloy- 
2 brackets as shown in Fig. 9 are fairly typical of 
static castings and will be described in answer to this 
question. Surfaces were generally smooth, with a 
few superficial folds or wrinkles caused by the high 
rate of heat loss to the graphite mold. In color the sur- 
faces ranged from bright to light shades of tan or 


gray. Micrometallography of surface sections revealed 
that there was carbon contamination extending to a 
maximum depth of 20 mils (0.020 in.). Analysis of 


Fig. 7 Left — Tubes of zircaloy extruded 


from cast blanks. 


Fig. 8 Right — Finned copper tube and 


mold. 
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samples collected from the first five mils under the 
surface indicated 400 to 600 ppm of carbon. Analy- 
sis of samples from the entire 20 mils of surface 
contamination indicated 200 to 400 ppm of carbon. 
\bove about 500 ppm, carbon contamination causes a 
slight increase in the corrosion rate of zirconium, but 
this increase does not become serious until contamina- 
tion exceeding 1,000 ppm is reached." 

Internally, the bracket castings contained scattered 
porosity, mostly of the pin-hole variety. In a few in- 
stances these approached 1/8-in. in dimension. The 
soundness was adequate for normal corrosion service 
but failed to meet the usual aircraft-type specifica- 
tions. However, it is believed that aircraft quality can 
be obtained through improved design of static molds 
or resort to centrifugal-casting techniques. 

Several brackets were subjected in their entirety 
to corrosion by steam at 750F and 1,500 psi for three 
days. The result was a normal lustrous black oxide 
layer. No white corrosion products were formed. 
Standard corosion coupons were also collected and 
subjected to 750F steam at 1,500 psi for a total of 98 
days. The results are compared with typical behavior 
of wrought metal in Table 1. 

Mechanically, the 0.2 per cent yield strength aver- 
aged 49,600 psi, tensile strength averaged 66,600 psi, 
and reduction in area at the fracture averaged 36 
per cent. These values are typical of hot-rolled metal 
of the same composition. The thin wall-sections of the 
cast brackets necessitated a substandard Charpy V- 
notch test. A special series of specimens from wrought 
metal were tested for comparison. The cast specimens 
were tested by a company’, and were found to possess 
about one-half the impact resistance of wrought metal 
at room temperature and at 200F. 


PROCESS VARIABLES 

Largely as a result of trial-and-error, practical re- 
sults have been obtained, but there are several areas 
of potential improvement. The need for further devel- 
opment of mold designs and materials or other changes 
leading to reduced costs and improved casting sound- 
ness has been inferred. The use of vacuum techniques 
probably has not been fully exploited for maximum 
improvement of product quality. 

A continuation of trial-and-error methods should 
yield progress toward these objectives, but approaches 
to the problems would certainly be clarified by knowl- 
edge of metal temperatures, operating efficiencies, etc. 
Accordingly, the Bureau of Mines conducted a prelim- 
inary investigation of dependent variables as functions 
of operating conditions. 

Specifically, the yield of metal (per cent of charge 
poured ), the distribution of heat, metal temperatures, 
melting rates, and the reaction of molten metal with 
mold materials were studied. They were studied as 
are current, pressure, electrode and ladle diameter, al- 
loy composition, and casting sizes were varied. 

Two separate series of zirconium casting heats were 
conducted to establish the influence of electrode diam- 
eter on the yield of metal. The first series consisted 
of three heats, all made without benefit of initial 
skulls. The test was made in a 9-1/2-in. diameter 
ladle, at nominal currents of 8,000 amps, and at nom- 
nal pressures of 100 to 200 microns. The only deliber- 
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ate difference between heats was the electrode diam- 
eter. 

As an extra precaution, all electrodes were fabricat- 
ed from the same ingot stock to minimize variation 
of metal composition. 

The results are given in table 2. 

\ second series of three heats followed. The same 
procedure was used except that the ladle was 8-1 /2-in. 
in diameter, pressures were more nearly 400 microns, 
and a lower range of electrode sizes was employed 
Results are given in Table 3. 

The minor differences are no more than might be 
expected from such things as cooling irregularities. 
A conclusion that electrode size has no bearing on 
yield must be qualified by the admission that skull 
weights usually increase slightly to some equilibrium 
value over the first several successive melts. This 
weight increase is principally a build-up at the upper 
rim of the skull. It is suspected that the ultimate 
build-up is greater for smaller electrodes. 

A larger series of experimental heats with titanium 
alloys furnished information on the remaining vari- 
ables. This series included six levels of arc current, 
three distinct ranges of pressure, three ladle sizes, and 


TABLE 1 — CORROSION RATES OF CAST AND 
WROUGHT ZIRCALOY 





Time-days 


Weight Gain, mg/cm? _ 
Ave. of Typical of 
Cast Brackets Wrought Metal 


14 2.80 3.5 
28 3.97 ‘5 
{2 1.50 a5 
56 6.22 6.5 
70 6.84 7.5 
S4 8.07 8.5 
OS 9.39 9.5 





TABLE 2 — FIRST SERIES HEATS TEST RESULTS 





Residual 
Electrod Skull Wt. Yield 
Heat No. Diam., in Wt lb. Poured, Ib 
SA 11366 S 39.2 75.0 65.5 
SA 11367 6 34.0 75.0 68.8 
SA 11370 t 34.4 71.0 67.3 





TABLE 3 — SECOND SERIES HEATS TEST RESULTS 


Residual 





Electrode Skull Wt. Yield 
Heat No. Diam., in Wt., lb. Poured, Ib 
SA 11557 6 15.9 10.1 71.6 
SA 11558 1-3/8 13.2 40.1 75.1 
SA 11559 3 13.2 10.6 75.4 








Fig. 9 — Cast zircaloy structural brackets. 
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four alloy compositions. Each of the various water 
cooling loops associated with the casting furnace was 
equipped with a flow meter and iron-constantan ther- 
mocouples for continuous recording of coolant volume 
and temperature. These data were used to calculate 
the relative distribution of heat to the various furnace 
components as a function of time. 

Strip-chart-records of current, potential and time 
supplied a total energy in-put figure for each heat. 
This was proportioned and assigned in accordance 
with the heat distribution deduced from water tem- 
perature and volume data. From the assignment of 
energy to the molten and solid portions of the charge, 
average molar heat contents and average metal tem- 
peratures were computed. As a matter of standard 
practice, weights were obtained which allowed the 
calculation of metal yields and average melting rates. 

Each pour was made into a network of cubical- 
mold cavities ranging in size from 1 in.-8 in. Most 
molds were of machined graphite, but in several 
instances sizes up to 4 in. were duplicated with mold 
components of rammed graphite furnished by Frank- 
ford Arsenal. Direct comparison was possible between 
the various sizes and between the two mold materials. 
Operating data are summarized in Tables 4, 5, 6, 7. 

The choice of method for temperature estimation 
is open to criticism. It was selected because the tem- 
peratures are too high for conventional probe meas- 
urements, and pyrometry is complicated by ionized 
vapors and reflection of an electrode image from the 
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molten pool surface. In addition, it was decided that 
an average temperature is more significant than a 
localized temperature. 

Some effects of arc-current variation are presented 
in Fig. 10 and 11. These graphs should be associated 
with operating data of Table 4. Although the eff- 
ciency of operation reached a maximum at some opti- 
mum current near 10,000 amps, the temperature ot 
molten metal continued to increase at higher currents. 
It has been recognized for some time in direct cur- 
rent are welding with a consumable rod‘, and _ in 
production of simple ingots by consumable-electrode 
arc-melting that the melting rate is directly propor- 
tional to are current. 

This is also true of consumable-electrode arc-casting, 
but care must be exercised in defining melting rate. 
In arc-melting of ingots, which does not involve a 
skull in the normal sense, the melting rate is the 
same as the rate of electrode consumption. Skulls 
are involved in are casting. It was found that any 
loss of weight by a skull must be added to electrode 
consumption to yield a melting rate proportional tc 
are current. 

In cases of weight gain by a skull, the increase 
represents metal acquired from the electrode and is 
already included in the electrode consumption rate. 
The ratio of melting rate to current in the experiments 
under discussion was about 1.2 Ilb/min/kilo/amp. No 
ordered dependence of temperatures or operating 
efficiencies on arc power was discovered. The influ- 


TABLE 4 — VARIABLE ARC CURRENT SERIES 
OPERATING DATA® 





Heat 
No. 


17285 
7230 
7469 


S 

Ss 

SAl 

SAl 

SAl 

SA 17604 
i 

N 


A 
A 
A 
A 
A 
a 
2 


— 


Nominal 


Ave 


Intended Re corded 
Current, Current, 
amp amp 


A 17299 


7397°° 


9,000 
10,000 
11,000 
11,000 
12,000 


~ 8,000 


7,620 
8,700 
9,188 
10,017 
11,039 


7,320 


Pow er, 


kw 
256.9 
248.4 
288.0 
312.4 
347.6 
415.1 


i-6Al,4V alloy; 1l-in. ladle 
No initial skull 


Energy, 
kw min Microns 


Ave. 


Pressure, 


4,329 
4,784 
4,693 
4,498 
4,953 
5,769 


142 
292 
119 
160 
126 

SY 


P 


Wt 


oured, 


7.8 
r 
) 
Ss 
=o 
3.8 


Residual 





TABLE 5 — VARIABLE PRESSURE SERIES, 
OPERATING DATA® 





Heat 
No. 


Nominal 
Intended 


Current, 
amp 


Ave. 


Recorded 


Current, 
amp 


Power, Energy, 
kw kw min 





SA 17604 
SA 17469 
SA 17540 
SA 17563 


12,000 
11,000 
11,000 
11,000 


11,039 

9,188 
11,200 
10,133 


415.1 
312.4 
364.0 
347.6 


5 
47. 


5.769 89 micron 
498 


=29 
> Tere) 


Ave. 


Pressure 


Poured, 


Wt. 
lb 


Residual 
Skull 
Wt., Ib 


160 micron 


164 mm 
wae 


Ia4 IM 


193.8 
179.8 
162.6 
145.3 


115.8 
74.1 
97.5 


106.7 


- 


1OP0O0 


1(00 


526 


AVERAGE ARC CURRENT- AMPERES 


Fig. 10 — Heat distribution and metal yield as functions of 
arc current. 
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Fig. 11 — Temperature of poured metal as a function of arc 
current. 
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* Ti-6AL,4V alloy; 11-in. ladle. 





TABLE 6 — VARIABLE LADLE SIZE SERIES, 
OPERATING DATA® 





Heat, No. 


Ave. 
Recorded 
Current, 

amp 


Ladle 
Diameter, 
in. 


Ave. 


, Energy, Pressure, 


kw min Microns 


Poured 


Wt. 
Ib 


Residual 
Skull 
Wt., lb 





® Ti-6AL,4V alloy 


3,395 91 
160 

89 

101 





TABLE 7 — VARIABLE ALLOY 


OPERATING DATA 


SERIES, 





Heat, No. 


Ladle 
Diam., in. 


Energy, 


Power, 


kw 


Microns 


Skull Wt., 


Ib 





~] 
sI-100 
oc 
@ 


Ti-6AL4V 11 
Ti-6Al4V 8-1/2 


Ti 1 

Ti-4Al4Mn 8-1/2 
Ti-8Mn 8-1/2 
Ti-8Mn 8-1/2 


No initial skull 


www 
Seo*e 
ee 
mm) Ave, 
Pressure, 


Omer 
wanna 
ye BO C9 de C9 ste 
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ence of current was independent of electrical poten- 
tial. 

Ladles of different sizes were used with results 
shown in Fig. 12 and 13. Since only three ladle sizes 
were available for use, it is difficult to draw conclu- 
sions. However, it appears that there were optimum 
operating conditions that resulted in maximum effici- 
ency while the trend of molten metal temperature in- 
creased as the ladle diameter decreased. 

A trend toward lower operating efficiencies at high- 
er furnace pressures is indicated by Fig. 14. Interpre- 
tation is handicapped by a shortage of information, 
but molten metal temperatures did not seem serious- 
ly affected by pressure changes. Values of 3831F 
(2110 C), 3750F (2065 C), 3759F (2070 C), and 
3840F (2115 C) were calculated at pressures of 89 
microns, 160 microns, 164 mm, and 527 mm, respec- 
tively. 

Results for the various alloys available are compared 
in Table 8. Probably the most significant facts in- 
ferred by these data are that molten metal tempera- 
tures were generally higher and operating efficiencies 
were lower for alloys containing manganese. On the 
basis of previous routine experience the lower effi- 
ciencies were expected. It had been assumed that the 
reason for this was an excessive loss of heat by vapor- 
ization of manganese. 

The existence of higher temperatures and the pres- 
sure levels maintained (Table 7) completely contradict 
this notion. It now appears that the explanation of 
lower efficiencies in the case of manganese alloys 
goes much deeper, and involves a basic influence of 
manganese on the are discharge mechanisms. 

The temperatures of skull metal were remarkably 
uniform throughout, regardless of operating conditions. 
Variations were random, and could not be related 
to operating conditions. Calculated values ranged 
from 2523F-3002F (1385 C-1650 C), and averaged 
2731F (1500 C). The one 3002F (1650 C) value was 
obtained with commercially pure titanium. This is 
probably too high since the melting point is only 
3020F (1660 C). The estimated error for all report- 
ed metal temperatures is + 90F (+ 50 C). 

The similarity between the fraction of the total 
charge poured and the fraction of total heat con- 
tained by molten metal is shown in Fig. 10, 12, and 
14. Although this seems perfectly logical, it could 
not be anticipated. The heat content of molten metal 
must certainly depend to some extent on the volume 
or mass of molten metal, but not necessarily on the 
fraction of total charge represented by that mass. The 
similarity does not represent a cause and effect rela- 
tionship. Comparison of the three graphs reveals that 
a given yield does not always correspond to the 
same portion of heat in molten metal. 

The heat lost during arc operation, and not appear- 
ing in either cast metal or the residual skull, varied 
widely from about 30 per cent to 70 per cent of the 
total heat input. However, the manner in which direct 
heat losses were dissipated was fairly consistent. Of 
this direct loss, 80-88 per cent was included in the heat 
content of cooling water from the ladle. Another 
10-20 per cent represented heat generated in water- 
cooled electrode components. This includes friction 
brushes used to apply power to the stinger shaft. 
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Fig. 12 — Heat dis- 
tribution and metal 
yield as functions 
of ladle diameter. gy St TT eg ee = 











TABLE 8 — VARIABLE ALLOY SERIES, RESULTS 

E ge 33. % ug 

Z se™ 55 

je = 7 neo gms oth OOD 

SA 17397 Ti-6Al1,4V 2 F 71.3 39.06 9.0 52.0 
1525 C 

SA 17774 Ti-6Al1,4V 11.9 3849 F 2760 F 59.9 43.8 16.3 39.9 
(2120 C) (1515C) 

SA 17798 Ti 13.7 4342 F 3002F 68.4 408 103 48.9 
(2395 C) (1650 C) 

SA 18011 Ti-4Al4Mn 9.9 4425 F 2589F 31.8 165 16.7 668 
(2440 C) (1420 C) 

SA 18066 Ti-8Mn 7.2 4460F 2930F 43.3 18.1 12.4 69.5 
(2460 C) (1610 C) 

SA 18080 Ti-8Mn 115 4139F 2617F 34.1 19.0 18.4 62.6 


(2280 C) (1435 C) 
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Fig. 13 — Temperature of poured metal as a function of ladle 
diameter. 
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Fig. 14 — Heat distribution and metal yield as functions of 
furnace pressure. 
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TABLE 9 — CARBON ANALYSES OF SURFACE SAMPLES 
(0.005 IN. DEEP) FROM AS-CAST CUBES, DISPLAYED 
ACCORDING TO CUBE SIZE AND CUBE FACE 

Test Cube Sizes 





Cube 

Face 8 in 6 in fin 2 in lin Ave 

lop 643ppm 467ppm 7S8ppm 635ppm Y923ppm 69lppm 

Front! 447ppm 583ppm 525ppm 572ppm lO3SSppm 633ppm 

Sides 652ppm 635ppm 585ppm 639ppm 619ppm 626ppm 

Rear- 855ppm 547ppm 750ppm 867ppm 1695ppm 907ppm 

Bottom 480ppm 973ppm 678ppm 588ppm 1403ppm 824ppm 

Ave 615ppm 64lppm 629ppm 660ppm 1136ppm 736ppm 

Note: Values for 6- and 8-in. sizes represent an ave. of 3 
cubes, values for 2- and 4-in. sizes represent an ave. of 
6 cubes, and values for the l-in. size represent an ave. of 
4 cubes 

! Cube face opposite the rear. 

2 Cube face through which metal was gated into the cubs 





TABLE 10 — CARBON ANALYSES OF SURFACE SAMPLES 
(0.005 IN. DEEP) FROM AS-CAST CUBES, DISPLAYED 
ACCORDING TO CUBE SIZE AND MOLD MATERIAL 
Cube Size, In Machined Graphite 
635 ppm 
785 ppm 
972 ppm 
ave. 797 ppm 
average of 1- to 4-in. 
sizes from Table 9 





Rammed Graphite 
2625 ppm 
1408 ppm 
3548 ppm 
2527 ppm 


1 


SOS ppm 





Less than one per cent appeared as miscellaneous 
losses through furnace walls. 

Unfortunately, complete evaluation of the castings 
produced as part of the experimentation described 
above is laborious and time consuming. Consequently, 
full information is not yet available, but results of a 
cursory analysis of reactions between molten metal 
and molds appear in Tables 9 and 10. No ordered 
correlations were detectable between the degree of 
mold reaction and the various operating variables that 
influenced metal temperatures. Cubes cast under a 
variety of operating conditions were lumped together 
for the purposes of the tabulations. 

The only pronounced implication to be drawn from 
Table 9 is that the l-in. molds were more susceptible 
than the larger sizes to attack by molten metal. This 
is believed a consequence of a washing action that is 
encouraged by the small dimensions. 

In larger molds the force of metal flowing in is 
dissipated over surface areas that are larger and 
more remote from the point of metal entry. Table 10 
shows that the surfaces of cubes cast in rammed 
graphite molds are sufficiently contaminated to have 
low corrosion resistance. Sand blasting and pickling 
of such castings should readily expose corrosion-resist- 
ant metal. Typical analyses for carbon in the melting 
stock used to produce the cubes ranged between 100 
and 200 ppm. 


CONCLUSION 


Consumable-electrode, cold-mold arc-casting in a 
vacuum has been demonstrated to be a_ practical 
method of processing reactive metals. The technique 
is adaptable to the production of special shapes by 
either static or centrifugal casting. In some instances 
this provides the only means of satisfying require- 
ments for corrosion resistance, alloy homogeneity, 
high temperature strength, or special nuclear prop- 
erties. 


86 - modern castings 


Reactive Metal Casting 


The practice should not be considered competitive 
with vacuum-induction casting, levitation melting, or 
electron-gun melting. These methods supplement each 
other yielding a broad range of processes capable of 
satisfying a broad range of requirements. 

As currently practiced, arc casting is not without 
limitations. To date, metal or alloys melting above 
about 4175F (2300 C) have not been cast. Costs are 
relatively high (about $12.00 per lb from sponge 
casting for titanium). There is room for improvement 
in mold designs. Other methods of improving product 
soundness need to be explored. 

The electrical efficiency of the technique is sur- 
prisingly high approaching 60 per cent when a 10,000- 
amp current is used to melt titanium in an 11-in. ladle 
at a superficial pressure near 100 microns. The best 
means for estimation and control of pouring tempera- 
tures appears to be accurate measurement and control 
of are current. An integrating amp /min meter might 
be advantageous. 

In considering applicability of the process to a spe- 
cific metal, the possible influence of the metal, an 
alloy additive, or an impurity on are mechanisms must 
be taken into account along with melting point, vapor 
pressure, and reactivity. The choice of a mold mate- 
rial depends on the chemical properties of the molten 
metal being cast, and the use intended for the cast- 
ing. Relatively high-surface contamination may be 
tolerable in many applications. It is conceivable that 
a carbided or oxidized surface could be of advantage 
in some instances where abrasion or local heating are 
tactors. 
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GAS PRESSURES IN GREEN SAND MOLD 


Cc. T. Marek* an 


A culmination of intensive experimentation on sand 
characteristics has all but eliminated the typical blow 
due to gas evolution from the sand. Success in this 
achievement can be attributed to development of 
synthetic sands and to analytical methods associated 
with empirical controls. Much data in recent years 
have been compiled, furnishing invaluable aid to the 
technician in modifying sand characteristics and pre- 
dicting results for casting production. 

The purpose of this study was to investigate the 
fundamental nature of this type of blow phenomenon, 
with an expectation that through better understanding 
of its nature, a more basic approach to sand tech- 
nology may evolve. A logical analysis was pursued 
by first recognizing the basic components that affect 
the activities of the process followed by an evalution 
of theories concerning their interactions. Theoretical 
and speculative deductions were then verified with 
experimental conclusions. 


THEORETICAL CONSIDERATION 


Mold pressure may be created by confinement of 
steam. Its intensity is dependent on moisture content 
and flow of heat through sand. Whether a mold blows 
or not, depends on two factors: 1) the rate of genera- 
tion of steam at the time metal is molten, and 2) the 
How characteristics of the confined vapor through 
sand. A certain pressure must be developed to force a 
blow, and this pressure can be achieved only if there 
is sufficient capacity to generate the gas and confine 
it at the time that metal is still molten. Therefore, this 
problem resolves itself to an investigation of the flow 
of both heat and gas through molding sands. Mois- 
ture in this problem is the principal independent 
variable. 

When molten metal comes to rest in a mold cavity 
its superheat is practically exhausted and _ primary 
precipitation is in progress. Moisture in the sand 
adjacent to the metal will immediately vaporize, 
creating a pressure which under normal conditions 
is less than the hydrostatic pressure of the metal. This 
initiates a system of events which continues under an 
ever-changing situation of variables. 





*Prof., Metal Processing Dept., School of Chemical and Met- 
allurgical Engineering, Purdue University, Lafayette, Ind. 

®°USAF, Materials Laboratory, Wright Air Development Cen- 
ter, Wright-Patterson AFB, Ohio. 
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Almost immediately a mold-metal interface is de- 
veloped, creating considerable temperature drop be- 
tween the heat source and the sand, which has the 
heat absorbing body. At some specific moment there 
exists three simultaneous thermal arrests. The solidi- 
fication reaction rejects heat, supplying energy to the 
vaporization zone, which, in turn, provides the am- 
bient heat in the area where the vapor condenses 
again. The pressure differential created in the vapor- 
ization zone causes vapor to flow through the speci- 
men. As soon as the vapor reaches a temperature 
below 212 F, it condenses and the heat of reaction 
is rejected into the ambience. Thus, water vapor is 
the chief medium by which heat is distributed through 
the green portion of the mold. As soon as a part of 
the specimen reaches a temperature of 212 F, it ceases 
to be a heat absorbing body. It then functions as a 
transmittal medium to promote passage of vapor to a 
more distant condensation zone. 

To recapitulate, there are four areas or zones in the 
sand system which are continually changing in posi- 
tion and possibly in length. They are illustrated in 
Fig. 1 and are described as follows. 
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Fig. 1—Sectional view of experimental mold. Bottom view 
shows changes in temperature of various sand zones. 


July 1958 + 87 








—* Tube 


OE a a 








ae 











Fig. 4—Modified permeability tester. 
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The dry zone adjacent to the mold-metal inter- 
face increases in depth as a result of moisture 
vaporization. Its rate of increase is dependent 
on the conductivity of dry sand, temperature of 
the metal, and moisture content of the 
sand. 


green 


The vaporization zone is a narrow section which 
moves ahead of the dry-sand, generating vapor 
as it progresses. 

The 212 F zone continually changes in length 
and position. One end of the 212 F zone degen- 
erates as it is consumed by the vaporization zone, 
the other end grows as moisture is deposited. Its 
rate of growth is dependent on the specific heat 
of green sand, its density, and the degrees of 
temperature below 212 F. 

The condensation zone is similar to that of the 
vaporization zone, except the reverse function is 
performed. A temperature rise is accompanied 
with an increase in moisture content. 





Mold Gas Pressure 


16 1d. Weight 


Fig. 2—Left—Specimen holder. 


Fig. 3—Right—Ramming apparatus. 











EXPERIMENTAL METHOD 

Since permeability and pressure are both functions 
of moisture content, it was necessary to consider them 
simultaneously. Pressure was correlated with time for 
consideration of rate changes, and moisture was 
chosen as the control variable of the experiment. This 
constituted the first part of the procedure. The second 
part determined temperature gradients in the mold 
at various time intervals. All the castings were sec- 
tioned, and attempts were made to correlate experi- 
mental data with the observed blow cavities. 

Pressure Measurement. In the preliminary work of 
this investigation, it was observed that the highest 
gas pressure in molding sands exists beneath the 
mold cavity in the drag. An attempt, therefore, was 
made to design an experiment that would simulate 
the typical mold. The flask (specimen holder) for 
this experiment consisted of a steel tube 3 in. diam- 
eter and 6 in. long as shown in Fig. 2. Molten metal 
was poured into the top of the tube to produce heat- 
ing of the sand in a manner similar to the bottom of 
a mold cavity. 





























Fig. 5—Thermocouple positions in speci- 


men tube. 
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Fig. 6—Specimen tube showing pressure 
tube and support blocks. 
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The procedure in ramming the specimen was ac- 
cording to AFS recommendations, except that the 
weight of the rammer was changed to obtain the 
same degree of compaction as the smaller 2 in. stand- 
ard specimen. Derivation of the size of weight and 
height of fall are given in Appendix A. Figure 3 
shows the ramming apparatus and illustrates the pro- 
cedure. A modified permeability tester shown in Fig. 
4 was used to determine the as-rammed permeability 
of the mold. 

A 1/4-in. O.D. by 5 in. long copper tube was ram- 
med in the specimen for mold pressure determina- 
tions. An inclined water manometer, registering one 
in. of water pressure per 4-5/8-in. length of inclined 
manometer tube, was connected to the copper tube 
in the specimen with rubber tubing. 

Temperature Measurement. A regular specimen 
tube, altered with six 3/16-in. diameter holes to admit 
thermocouples for temperature gradient determina- 
tions was prepared as shown in Fig. 5. One of the 
thermocouples was placed near the mold-metal inter- 
face in the mold cavity to determine metal tempera- 
tures at that level. The remaining five chromel-alumel 
thermocouples were located in the sand at intervals 
of 3/8-in. from the mold-metal interface. 

The thermocouples were connected to a multiple- 
record strip chart recorder which recorded one tem- 
perature every two sec, thus recording the tempera- 
ture at one level every 12 sec. The chart speed was 
set at 60 in. per hr. 

Pressure Measurements. Experiments were per- 
formed on a non-ferrous, naturally bonded molding 
sand of the following properties. 


Dry density—98.5 lb per cu ft 

Optimum green strength—14.3 psi at 5.4 per cent moisture 
Optimum permeability—35 at 4.4 per cent moisture 

AFS grain fineness—129 

Grain distribution 





Mesh Retained Mesh Retained 

No. on Screen, % No. on Screen, % 
6 0.2 100 15.0 

12 0.2 140 21.6 

20 0.2 200 19.6 

30 0.2 270 7.8 

40 0.4 Pan 8.3 

50 1.2 Clay 20.0 

70 5.3 





Enough sand for the entire investigation was sep- 
arated from the foundry sand system and mulled as a 
single batch for 6 hr to thoroughly mix the sand and 
clay particles. It was then stored in a steel cart and 
removed to the sand laboratory to reduce the possi- 
bility of gravity segregation and contamination. At 
the start of each day’s experimentation, a small amount 
of sand was prepared to the desired moisture content 
in a laboratory muller. After mulling it was riddled 
through a 25 holes per sq in. riddle, placed in one- 
gallon jars, and allowed to set for one hr to promote 
bonding stability and homogeneity. Four tests of a 
given moisture content were available from a single 
batch contained in two jars. 

After a one-hr lapse, the moisture content was again 
determined, and enough sand was riddled through a 
144-holes per sq in. riddle for a test specimen. In the 
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Specimen Tube 


Loosely-packed 
sand 











Sand Speciaen 








Fig. 7 — Right — 
Pressure test spec- 
imen ready for 
pouring. 
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ramming procedure, a 1/8-in. diameter rod was in- 
serted in the copper tube to prevent sand from enter- 
ing the tube. Ramming was performed by dropping a 
16 lb weight, three times from a height of 3.9 in. The 
pressure tube which extended to 3/8-in. of the mold- 
metal interface was then cleared by removal of the 
1 /8-in. diameter rod. 

The permeability test according to the AFS form- 

ula, P vh 
pat 
through a 2 in. high specimen with a 7.06 in.* area. 
Permeability numbers were presented in the custom- 
cm* 
min gm °* 

Following the permeability test and a hardness 
check, the manometer connection of rubber tubing 
was carefully made, and the assembly was supported 
on two iron blocks as shown in Fig. 6. A bench flask 
was placed around the specimen tube and filled with 
loosely packed molding sand, as shown in Fig. 7, to 
insulate the specimen from heat losses. Figure 8 shows 
the assembly as it stands ready to be poured. 

The metal used was an aluminum casting alloy with 
an analysis of 5% Si, 1.3% Cu, 0.5% Mg, and the re- 
mainder Al. Its liquidus temperature is 1160 F, and 
the solidus temperature is 1050 F. The metal was 
poured at 1360 F. 

As soon as the specimen tube was filled to the top 
with molten metal, an aluminum cylinder 2-3/4-in. 
diameter by 6 in. long was inserted in the tube to 
chill the top surface of the metal. This provided a 
gastight seal on the top of the specimen tube and 
prevented mold gas from bubbling out through the 
metal. Figure 9 shows the test after it had been 
poured. 

Pressure readings at regular intervals of time were 
recorded as soon as pouring began, and were con- 
tinued until a maximum value was passed. Typical 


consisted of passing 2000 ce of air 


ary C.g.s. units, namely 


Fig. 8 — Specimen 
tube in flask-pres- 
sure test. 
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Fig. 9 — Pressure 
test after pouring. 


pressure-time plots are shown in Fig. 10. Readings 
were taken at 5-sec intervals and recorded by checking 
off the manometer height of graph paper placed be- 
hind the manometer tube. 

Temperature Measurements. The specimen tube 
containing six holes for thermocouples was prepared 
by jolting the sand twice, inserting the thermocouples, 
and finally applying the third jolt. The pressure tube 
was retained in the specimen to duplicate heat trans- 
fer conditions existing under the pressure measuring 
setup. Obviously, the permeability of this specimen 
could not be measured since the holes for the thermo- 
couples allowed air to escape. The specimen tube was 
then carefully packed in the center of the flask as 
shown in Fig. 1l. Extra precautions were taken so 
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Fig. 10—Typical plots of pressure vs. time for sand moisture 
contents. 


Fig. 11 — Speci- 
men tube for tem- 
perature test. 
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that none of the thermocouples shorted out on the 
metal flask. 

Connectors were used to complete the circuit to 
the recorder, and the mold was ready to be poured, 
as shown in Fig. 12. The mold was poured and 
plugged as in previous practice, and 6-position tem- 
perature gradients were obtained at regular time 
intervals. 

RESULTS AND CONCLUSIONS 

Pressure measurements and their relationship to 
moisture and permeability are tabulated in Table 1, 
and illustrated graphically in Figs. 13, 14 and 15. 
Where more than one test was made on a given batch, 
the data are plotted as an arithmetical average. 

In the determination of the effect of moisture on 
maximum mold pressure, it was apparent during the 
early periods of experimentations that a disrupting 
uncontrolled factor was in operation. It was also ob- 
served that this disturbance was greatest at moisture 
contents in excess of 7 per cent when casting inden- 
tations (referred to as blows) began to appear. 

In fact, the size of the blow hole appeared to have 
a direct relationship to the observed maximum pres- 
sure. At a given moisture content, the larger the blow 
cavity, the lower was the observed pressure. This 
seems reasonable since the blow cavity produces a 
larger confined volume for a given amount of vapor. 
Since the volume of the blow cavity was different in 
each test, reproducibility of pressure data was poor. 
However, it seemed apparent that measured maxi- 
mum pressures varied inversely with the size of the 
blow cavity. 


Fig. 12—Tempera- 
ture test ready for 
pouring. 


oe 


TABLE 1 — AVERAGE BATCH PROPERTIES 





As-rammed Maximum Pressure 


Moisture, ‘ Permeability lg-in. H2O 


Sand Batch 





52.9 
59.0 
58.6 
54.8 
56.0 
46.0 
43.0 9. 
47.0 8.. 
42.1 9.3 
28.0 Metal blew 

out of mold 
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Fig. 13—Effect of moisture content on as-rammed permeability. 





| 
iy 
ae Te oe oe a ee 


10 i 


\s would be expected, Fig. 14 confirms the fact 
that mold pressures decrease with increasing permea- 
bility. Since permeability is a function of moisture 
content, as represented in Fig. 13, it is obvious that 
changes in permeability up to an optimun of 5.5 per 
cent moisture tend to counteract (reduce) the pres- 
sure-producing effect of vapor generation. With in- 
creasing moisture content beyond this optimum value, 
the opposite is true; a decreasing permeability pro- 
motes an increasing pressure. 

It is logical to assume, therefore, that this additive 
pressure effect would be noticeable in experimental 
results. This becomes apparent on the graph of Fig. 
14 in the neighborhood of 7.8 per cent moisture. It is 
of interest to note that points a and b are on the up- 
ward slope of the moisture-permeability graph and 
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Fig. 15—Effect of moisture content on maximum mold gas pres- 
sure. 
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Fig. 14—Effect of permeability on maximum mold gas pressure. 


therefore do not coordinate with the illustrated curve. 

At 10.5 per cent moisture a severe blow was pro- 
duced which blew most of the molten metal out of 
the specimen tube. Needless to say, such a situation 
is dangerous, and precautionary measures were taken 
to protect the researchers from injury. A metal hood 
was placed over the specimen tube about 16 in. above 
the mold to prevent molten metal from shooting high 
into the air. This hood proved an effective safety 
device. 

A typical time-temperature-distance from mold-met- 
al interface relationship is shown in Fig. 16. This 
illustrates the rate of heating of the sand specimen. 
As has been confirmed by others’, the rate of heat 
extraction was approximately the same for all moisture 
contents tested. Figure 17 shows the rate of movement 
of the interface between the 212 F zone and the 
evaporation. 

In considering what took place inside a specimen 
tube under blow conditions, it appeared that the ef- 
fect of three different mechanisms had to be corre- 
lated: 1) the vaporization and subsequent condensa- 
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Fig. 16—Time-temperature-distance from interface for sand of 
5.4 per cent moisture content. 
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Fig. 17—Depth of sand at 212F vs time for a sand of 5.4 per 
cent moisture. 


tion of moisture, 2) the formation of a blow cavity, 
and 3) the effect of internal shrinkage in the metal. 

As molten metal enters the mold some moisture im- 
mediately flashes into steam, producing a pressure 
build-up which is proportional to the inability of 
sand to exhaust gases. Under certain conditions this 
pressure build-up may be sufficient to push the par- 
tially solidified metal upward, forming blow cavities 
of various design as illustrated in Appendix B. As met- 
al continues to solidify, internal shrinkage occurs. 
Since the solidifying metal is contained in an airtight 
shell, a vacuum is created inside the casting which 
will tend to pull the partially solidified metal of the 
side wall inward. 

It is a highly speculative point as to how much, if 
any, internal vacuum correlates with mold pressure 
in the disfigurement of the casting bottom. There is 
not much question as to the mechanism of a typical 
blow which causes metal and gas to spurt out of 
the sprue of the mold. This type of a blow occurs 
within seconds after the time the mold is poured, and 
vacuum has no effect on the system. 

If mold pressure is not sufficient to blow metal out 
of the mold and a thin skin forms at the mold-metal 
interface, a delicate balance may exist between the 
opposite sides of the membrane. The vacuum partial- 
ly overcomes the gravitational force of molten metal 
which bears against one side of the membrane, and 
mold pressure on the other side. 

The following calculations were made to compare 
the values of conductivity and permeability with com- 
monly accepted values, and to compare computed 
pressures with those observed in the experiment. 
Since the open end of the pressure tube was 3/8-in. 
from the mold-metal interface, all computations were 
based on the time of 2 min, corresponding to a dry- 
sand specimen depth of 3/8-in. 

To reduce space-consuming details, various units 
such as densities, specific heat, etc., are converted into 
convenient dimensions in Appendix C. 
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Growth of Zones. A comparison of the growth of 
the 212 zone with that of the dry-sand zone, pro- 
vides an excellent perspective of the basic mechanism 
underlying the mold pressure phenomenon. The fol- 
lowing derivation is based on the theory that the 
heat consumed in vaporizing moisture in one zone, 
becomes available again in a cooler zone where vapor 
condenses back to moisture. For zone designations, 
reter to Fig. 1. 

a) Heat (Qa) required to evaporate moisture in the 

d zone. 

Qu = Ad pM H, = 7.06 X 0.375 x 0.060 x 0.054 

x 970 = 8.33 BTU 
where A = 7.06 in.* (area), d = 0.375 (length of 


dry-sand zone), p = 0.060 1b_ (density of sand), 


in.* 
lb I 1.0 


M = 0.034 ~<— 
oe lb sand 


BTU 


(moisture content) H, = 970 


Ib (heat of vaporization at 212F and 14.7 psi) 


Heat (Q,,) absorbed per in. of green sand to raise 
its temperature from 90F to 212F. 
Q,, = VpC,(AT) = 7.06 X 0.060 x 0.234 x (212-90) 
~ 49] BTU 
™” in.of specimen 
Where V = 7.06 in.’ (Volume of 1 in. of specimen), 
p = 0.060 lb/in.* (density of sand), C, = 0.234 
BTU /lb/F (specific heat of green sand), AT = 
(212 - 90)F (temperature rise in sand) 
c) Length (h) of 212F zone when the d zone is *s-in. 
long. h = item b/item a = 8.33/12.1 0.692-in. 
d) Ratio of growth of h zone to d zone = 0.692/0.375 
= 1.84 
The significant feature of this derivation points out 
the principal mechanism by which heat is transferred 
in green sand. To elucidate on this point we may con- 
sider water as the carrier of heat. Its capacity is prin- 
cipally the heat of vaporization, and its velocity of 
How is directly related to the pressure potential and 
inversely proportional to frictional resistances. The 
theoretical growth of the h zone being 1.84 times as 
great as the d zone, signifies a steadily increasing 
length of the h zone. It follows therefore that resist- 
ance to flow of vapor increases with time, and this is 
accompanied by an increasing pressure and decreasing 
flow. 





In the actual experiment it was found that the 
growth of the h zone was more rapid than theoretical 
calculations indicate, the ratio being 3.34 as compared 
to the theoretical 1.84. No attempt was made to iso- 
late and to experiment with various side effects that 
would influence the more rapid movement. A small 
portion of this effect may be attributed to heat con- 
duction through the h zone, promoted by a tempera- 
ture difference of (212 — 90) F. 

Another likely influence is based on the possibility 
that the condensation zone may not be a cross section- 
al plane, perpendicular to the specimen axis. Irregu- 
larity could be attributed to the possibility of greater 
vapor flow through the center of the specimen than 
at the side walls. This would lead to a condensation 
zone of similar contour. Thus, the volume of sand at 
212 F could be the same as that computed, but the 
zone extending along the center line where the ther- 
mocouples were located, would indicate a longer h 
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zone. Also the effect of conductivity through flask 
walls lessens the effect on condensation in the sand 
adjacent to the flask. 

Conductivity of Sand. As a matter of confirming the 
reliability of this experiment it is of interest to de- 
termine the conductivity of dry sand in the d zone, 
on the basis of experimental results. It is also of in- 
terest to compare this value with published and 
generally accepted values of sand conductivity. 

The movement of the dry zone being 3/8-in. in 2 
min or 11.25 in./hr, the average amount of heat being 
consumed in vaporizing moisture is as given below. 


Q=AR pM H, = 7.06 11.25 x 0.060 x 0.054 x 

970 = 250 Btu/hr 
Where 

A = 7.06 in.* (area of specimen ) 

R = 11.25 in./hr (rate of movement of d zone), 

p = 0.060 lb/in.* (density of sand) 

M = 0.054 Ib H.O/ |b sand (moisture content ) 

H, = 970 BTU, lb H.O (heat of vaporization of water) 

The conductivity (k) of sand based on experimental 
values is computed from the basic heat flow formula 
Q = AkAT/x 

x ss 0.037 1 
tat 250 x"To — * 049 * G38 

= 0.0250 BTU /ft hr F 
Where 

Q = 250 BTU/hr (heat consumed in evaporating 

moisture), x 0.375/12 ft (length of d zone), 

A = 0.049 ft? (area of specimen), AT = 638F (Tem- 

perature gradient 850 - 212) 

A thermal conductivity of 0.250 BTU/ft hr F is a 
reasonable value which compares favorably with pub- 
lished values. For example a 20-30 sand described by 
Paschkis' and others, has a conductivity value of 
0.133 at 212 F. At 850 F the conductivity rises to 
0.270 BTU, ft hr F. The mean conductivity is 0.199 
BTU / ft hr F. 

Permeability. Using experimental data, it is possible 
to speculate on permeability limits in the “h” zone as 
they actually exist under operating conditions. On 
the premise that the “h” zone is the calculated length 
of 0.692 in., permeability computations may be made 
with the formula q = AP Ap/h. 


p = 99 _~ 900 x 0,692 x 0.0918 
AAp 7.06 

72.4 cm*/ min gm 

Where 
P = in.*/ min lb ( permeability ) 
q = 200 in.*/min (average rate of vapor generated, 
see Appendix C) 
h = 0.692 in. (length of 212F zone) 
0.0918 = conversion factor to the cm-gram system. 
(See Appendix C ) 
A = 7.06 in.* (area of specimen ) 
Ap = 0.248 lb/in.* (experimental gage pressure at 
%s-in. from interface and 120 sec). 


x 0.0248 = 


The permeability of 72.4 should be interpreted as 
the minimum value that would be required to permit 
an average flow rate of 200 cu in. per min of vapor 
to flow through the h zone. Under these conditions 
pressure would remain constant, and a steady state 
flow would exist. A steadily rising pressure, however, 
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indicates that the existing permeability of the sand 
is incapable of maintaining equilibrium. 

The as-rammed permeability value of 58 indicates 
a deficiency in permeability. Therefore, as is confirmed 
by experiment, pressure should rise. The addition of 
moisture to the h zone by deposition of water through 
condensation, tends to reduce the as-rammed permea- 
bility and to contribute toward an increasing pres- 
sure rise, 


CONCLUSION 

The authors are cognizant that there were many 
side activities which influenced the system under 
investigation, and that there is considerable need for 
refinement, both in the experimental and theoretical 
approach. However, despite the lack of consideration 
of unsteady state conditions, it is apparent and in- 
teresting to note that reasonable answers and _ fair 
correlations are available. 

No doubt there are many compensating errors, as 
might be found in the consideration of permeability. 
Because of the difference in viscosity and density of 
water vapor, its flow characteristics may be somewhat 
better than that of air. However, because of the de- 
position of moisture in the h zone, the passage of 
gas through the sand medium becomes more dif- 
ficult. The degree of cancellation of one factor over 
the other has not been determined and must await 
further investigation. 

Although much progress has been made in under- 
standing processes through empirical investigations, 
one might find it stimulating and quite advantageous 
to venture into the theoretical aspects when searching 
for solutions for various phenomena. 
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APPENDIX A 


Calculation of Compaction Energy of Experimental 
Rammer 


A. Compaction energy of standard AFS rammer: 
Three 2 in. drops of a 14-lb weight. Specimen 
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APPENDIX B 


8.35 Moisture 
Pressure —-~ 12 eighths 


Very slight blew 





9.08 Moisture 
Pressure -— 9.25 eighths 


“ediam blow 


diameter is 2 in. 


14 Ib X 2 in. = 28 in.-lb/ drop 
28 in.-lb/xsq in. = 8.92 in.-lb, sq in. 

B. ¢ ompaction energy of experimental rammer: 
Three ? in. drops of a 16-lb weight. Specimen 
diameter is 3 in. 

1.5 )*2 sq in 
8.92 in.-lb/sq in. X 7.07 sq in. = 63 in. lb 
63 in.-lb/ 16 Ib = 3.98 in. 
Need three 3.93 in. drops of the 16-lb weight. 


7.07 sq in. 


APPENDIX ( 


Units and Designations 


\) Area of specimen 
A = r(3)*/4 = 7.06 in.* or 0.049 ft- 
p) Density of sand 
p = 27.3 g/ in.’ or 0.06 lb/in.8 
Heat of vaporization of water at 14.7 psi and 
212F 
Hg = 970 BTU/ |b 
Specific heat of sand at 90F and 5.4 per cent 
moisture. Reference (6) 
Cc. [0.054 lb H.O/Ib green sand X 1 Btu/Ib 
H.O] + [(1-0.054) Ib dry sand/ lb green sand 
0.19 BTU /lb dry sand] = 0.234 BTU/Ib 
Volume per in. of specimen 
V = 7.06 in.*/ in. or 0.00407 ft® /in. 
) Gage pressure (above atmosphere ) 
Ap = 1 in. H2O or 0.0361 Ib/in.? 
Specific volume of steam at 14.7 psi and 212F 
v = 26.82 ft® /lb or 46,500 in.’ /Ib 
Permeability 
P = 1 in.*/lb min = 0.0918 cm*/ min gm 
Average rate of steam generated in dry zone 
q = AdpMv/t = 7.06 x 0.375 x 0.060 x 0.054 
x 46500 /2 = 200 in.*/ min 
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Sectional Tracings of Blown Castings 


9.3% Moisture 
Pressure ~ 10.5 eighths 


Slight blew 


8.28 Moisture 
Pressure ~ 8.5 eighths 
Large blew 





7.06 in.* (area ) 

0.375 in. (length of dry sand zone at 120 sec) 
0.060 Ib /in.* (density of sand ) 

0.054 lb H2O/Ib sand ( moisture in sand ) 
46,500 in.*/lb ( specific volume of steam ) 

2 min (time for dry sand zone to reach %s-in. 
length). 


APPENDIX D — EXPERIMENTAL PRESSURE DATA 





As-rammed Maximum Pressure 
Moisture Permeability (4g-in. HeO) Remarks 


3.5 
4 


st 


2] 


D> & Ut 

= we 
an 
S 

=] 


vugrgorotvt 
yt gt ut 
Se Se oe 
tot ot ut 
° Co -1O “1-1-1 =] -1-1 
AUC A1ly WO Ok WO OS 


“-1-1D D> 
—i—i—t ne ee 
vga, 

ows 

a 

© 


gt yt 
Ut we Go Ol me Oo 1 © 


> Ut ibe 


~1 
bo Ut © 


i Ul 
—— 
o> 


Medium blow cavity 
Small blow cavity 
No blow cavity 
Slight blow cavity 
Large blow cavity 
Medium blow cavity 
Slight blow cavity 
Medium blow cavity 
Large blow cavity 
Slight blow cavity 
Medium blow cavity 
Large blow cavity 
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No casting — metal blown out of mold 








Technical Research 


Committee 8-J Conducts Work Week 
to Obtain Data for Further Study 


Leger ga 8-J, Physical Proper- 
ties of Iron Foundry Molding Ma- 
terials at Elevated Temperatures, re- 
cently conducted a work week at 
the University of Wisconsin, Madison, 


Wis. 


available to the entire foundry indus- 
try. 

In the near future a complete 
progress report will be prepared by 
Committee 8-J and will be made 
available to the AFS membership 


Committee 8-J proves that research is not all theoretical. Left to right are: Chairman J. A. Gitzen, 
Delta Oil Products Co., Milwaukee; Eugene J. Passman, Frederic B. Stevens, Inc., Detroit; Richard 
A. Green, Westlake, Ohio; A. H. Zrimsek, Magnet Barium Corp., Des Plaines, Ill.; Jay S. Groh 


Manley Sand Co., Rockton, Ill.; Carl R. Loper 


University of Wisconsin; Victor Rowell, Harry 


W. Dietert Co., Detroit; Arthur E. Murton, Department of Mines & Technical Surveys, Ottawa, Ont 
Canada; Edward C. Zuppan, Bendix Aviation Corp., Lake Shore’ Division, St Joseph, Mich.; Charles 
E. Morrison, Ironton, Ohio; John Lemon, Ford Motor Co., Dearborn, Mich 


The committee conducted experi- 
ments on veining tendencies with the 
results to be examined by statistical 
methods in an attempt to isolate the 
primary causes of veining. 

Each member of the committee, 
headed by Chairman J. A. Gitzen, 
devoted at least three days to the 
five-day work week conducted in the 
University’s Department of Mining 
& Metallurgy. Committee members 
did the actual work of conducting 
the experiments as shown in the pic- 
tures. 

Previously the committee had stud- 
ied scabbing in gray iron castings. 
Work on this project was done at 
the University of Michigan, Ann Ar- 
bor, Mich., and at the University 
of Wisconsin. 

The committee’s work is typical of 
AFS technical division activities. Hun- 
dreds of valuable man-hours are con- 
tributed by experts in the specific 
fields of castings technology. After 
considerable experimental work fol- 
lowed by lengthy investigation and 
study, reports are published either in 


A. H. Zrimsek (left) and Charles E. Morrison 
running test on hot compression strength 
testing machine at 8-J Committee meeting 
held at University of Wisconsin 


MopeERN CasTINGs or presented at the 
Annual AFS Convention. 

Prior to the meeting each member 
Continued on page 96 











N ational 


Technical Research 
Continued from page 95 
was given an analysis report showing 
the various types of metals used at 
the last work meeting held at the 
University of Wisconsin Members 
were also given a copy of revised 
procedures for determination of re- 
straining loads and determination of 

shock-load expansion tests 
Committeemen were asked to re- 
view the revised procedures for adop- 

tion as a tentative standard 


Jay S. Groh (left) and Edward C. Zuppan 
shown striking off the mold for tests con- 
ducted by Committee 8-J 


News 


T&RI Adds 
New Course 


® Scheduling of an Advanced Indus- 
trial Engineering course at the Mar- 
quette University Management Cen- 
ter, Milwaukee, has been announced 
by S. C. Massari, Director of the 
AFS Training & Research Institute. 
The course will deal with sampling, 
rating practices and quality control. 
4 total of 11 courses remain to 
be presented in the 1958 T&RI 
courses. Among the subjects are Cu- 
pola Melting of Iron, Sand Control 
Technology, Patternmaking, Industri- 
al Environment, Metallography of 
Non-Ferrous Metals, Product Devel- 
opment, Air Pollution Control & 
Legislation, Industrial Engineering, 
Gating & Risering of Ferrous Cast- 
ings, and Foundry Plant Layout. 
Most of the courses have not been 
presented previously. They have been 
added to the curriculum as a result 
ot requests by those attending for a 
broader coverage of the industry. 


Hungarian Foundry Relics 
Said to be 1700 Years Old 


@ Remnants of tools and crucibles 
of an iron foundry estimated by ar- 
cheologists to be 1700-years old have 
been unearthed at Tokod according 
to an Associated Press story origi- 
nating in Budapest. 


Tennessee Chapter's out-going Chairman F. Frank Anderson (3d from left) surrenders gavel to 


W. L. Austin. Others 
W. Richie; Secretary Frank M. Robbins, Jr 
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y elected officers: Vice-Chairman Charles E. Seman; Treasurer James 








1958 T&RI Courses 


July 7-11—Chicago 


Lecture course for cupola operators, supervisors, metallurgists and 
foremen. Basic principles for optimum cupola operation are consid- 
ered. Registration fee $65. 


Cupola Melting of Iron 


Sand Control Technology ’° 


Aug. 11-15—Detroit 
Lecture course for foundrymen having had some experience in sand 
testing control and technology. Pre-requisite; Sand Testing course or 
equivalent experience. Registration fee $65. 


Patternmaking Aug. 18-20—Chicago 


Lecture and demonstration. Course for patternmakers, foremen, su- 
pervisors, trainees, purchasers of castings, suppliers and management. 
Registration fee $40. 


Industrial Environment Sept. 8-12—Chicago 


Demonstration and lecture course on in-plant environmental problems 
and safety. Appropriate for foremen, supervisors, engineers, safety men 
and top management. Registration fee $65. 


Metallography of Non-Ferrous Metals® Sept. 15-17—Chicago 


Lecture course for melters, supervisors, foremen, foundry engineers, 


researchers, laboratory technicians, metallurgists and design engineers. 
Registration fee $40. 


Product Development Sept. 24-26—Chicago 


Lecture course on product analysis from design to marketing of finished 
castings. Scheduled for foundry engineers, sales engineers, technicians, 
supervisors, metallurgists and management. Registration fee $40. 


Air Pollution Control & Legislation Oct. 1-3—Chicago 


Lecture course covering the laws and interpretation, problems, sug- 
gested solutions and the drafting of ordinances from the foundry 
standpoint. Registration fee $40. 


Oct. 13-17—Milwaukee 


Lecture and work shop course on better standards and cost control. 
Rating and motions and time-study techniques. Registration fee $125. 


Industrial Engineermg 


Gating & Risering of Ferrous Castings Oct. 27-31—Chicago 


Lecture course on the problems relating to gating and risering. In- 
tended for foremen, technicians, foundry engineers, supervisors, in- 
dustrial engineers and production and quality control personnel. 
Fee $65. 


Advanced Industrial Engineering Nov. 3-7—Milwaukee 


Work sampling, rating practices, quality control including uses of mo- 
tion pictures in these phases. Registration fee $125. 


Foundry Plant Layout Nov. 10-12—Chicago 


Lecture course on problems of rehabilitation or building of new plants. 
Intended for foremen, supervisors, industrial and production engineers 
and management. Registration fee $40. 


*Courses originally scheduled for other 
dates 


Payment of tuition fees should accompany enrollment application. Make reservations only 
with Director, AFS Training & Research Institute, Golf & Wolf Roads, Des Plaines, III. 
Tel. VAnderbilt 4-0181. 











Outstanding Foundrymen Assemble at 


National News 


Annual AFS Alumni Dinner 


@ Ninety-five members of the AFS 
a Alumni Group attended the An- 
nual Dinner held during the 62d 
Castings Congress & Foundry Show 

The Alumni Group consists of per- 
sons who have served as Officers o1 
Directors of the Society, as well as 
Gold Medalists, winners of Awards 
of Scientific Merit and Service Cita- 
tions and Honorary Life Members 
At the present time the group is 
composed of slightly more than 200 
members. 

Alumni Dinners are held to main- 
tain friendly relationships established 
during the terms of office or service 
and to aid the Board of Directors 
in promoting the objectives of the 
Society. 

The first meeting was held in Alabama was represented by b. H. Durdin 
(Director Class 1957, current AFS President 
Cleveland during the 1916 Conven- Lester N. Shannon (Director Class 1939, Presi 
tion. Since then Alumni Dinners have dent 1940-41); Thomas H. Benners, Jr. (Direx 
tor Class 1951); Charles K. Donoho, (Simpson 


been an established custom with the Medalist 1957). 


last Past President acting as the pre- 
siding officer. 


Former President Frank W. Shipley (Director 
Class 1953, President 1956-57); talks with Texan Jake Dee (Director Class 1961) flanked 
Clyde A. Sanders (Whiting Medalist 1957; by Californians Robert Gregg (Director Class 
Director Class 1961); and former AFS Presi- 1948, 1951) and John R. Russo, (Director Class 


dent Frank J. Dost. 1960). 


Frank J. Dost (Director Class 1947, President 1954-55); Walter E. Sicha, (McFadden Medalist 1954 
Earl M. Strick (Honorary Life Member 1954); LeRoy P. Robinson (Director Class 1943, Honorary 
Life Member 1954); Roger W. Griswold (Director Class 1959). Dost, Sicha and Robinson were 
former Chairman of the Northeastern Ohio Chapter 


Attending Alumni Dinner left tc Peter E. Rentschler Hyman Born- 
stein (Director Class of 1935, Preside 1937-38, McFadden Med t 4é hairman T&R! Trustees 
1957-1859); Bruce L. Simpson, (Dire lass 194 re ent 1955-56); Stowell C. Wasson, (Dir 
ector Class 1949); Fred J. Walls Richard A. Flinn (Simpson 


Medalist 1947 


Left to right are Frank C. Riecks (Director Class 1950, Honorary Life N sr 1955); Donald J 
Reese (Whiting Medalist 1941); Gulliam H. Clamer (Director Class 1917 1923-24, Seaman 
Medalist 1933); Harry W. Dietert (McFadden Medalist 1940; Director Class 1954; President 1957-58) 


Ralph J. Teetor (Director Class 1936, President Jovial group includes Karl L. Landgrebe, Jr 
1944-45); William D. Dunn, (Director Class (Director Class 196 James H oer Director 
1960) and Fred J. Pfarr (Director Class 1960 Class 1948, Simpson Medalist 1953 

James Hayes, Dan M 


direct é 


Japanese foundry management team shown at 62d Castings Congress & Foundry Show. Team 
on 6-week study of foundry organization and management visited AFS headquarters in June 
The 13-man team was composed of two labor representatives and management personnel fro 
small and medium sized foundries. Included in the team were Junichi Takeyama, Shiegek 
Aikawa, Tyuzaburo Harada, Susumu Haswgawa, Yasuo Imai, Kyioshi Kakehi, Tadakazu Koma 
Makoto Koseki, Kenichi Maekawa, Yasuhiko Ota, Wasaburo Sugihara, Tejiro Takashaski, Hari 
Takatsuki 
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Hard Work Pays Off at Cleveland for Apprentices 


ace Apprentice Contest winners 5 ‘ Meeting. Left 
Adam J. Kravetz (Wood Patternmaking ogress Patter D., Pont Paul Niebur 
Patternmaking) Central Pattern Louis; Raymond McDermott (Gr Iron Molding 
& Sharpe Mfg. Co., Providence James E. Gift, Jr. (Stee! Molding) Dodge Steel Co 
William Boatright (Non-Ferrous Molding) AiResearch A 


Angeles 


n AFS Apprentice Contest. Clifford Duckworth (Metal Patternmaking) Cater- 
pillar Tractor Co e0 | James Sanders (Gray Iron Molding) Fairbanks, Morse & Co., Beloit 
Wis.; James Rogers (Stee! Molding) Oregon Steel Foundry Co., Portland, Ore.; Lb. Thomas (Non 
Ferrous Molding) AiResearch Mfg. Co., Los Angeles. Gerald Celk (Wood Patternmaking) John C. 
Beuse Patterson, los Angeles, was unable to attend 


ROBERT E KENNEDY 


** APPRENTICE AC 


MEMORIAL 


HIEVEMENT Contest *: 


Apprentice Contest winners were displayed at the AFS Foundry Show. Inspecting the exhibit are 
former AFS President Frank W. Shipley, Caterpillar Tractor Co., Peoria, Ill., and Apprentice Contest 
Committee Vice-Chairman G. E. Garvey, Garvey Pattern & Mfg. Co., South Bend, Ind. 
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Crapter N ews 


Mexico Chapter Assists in 
Advancing Technical Data 


@ Mexico Chapter’s 1958-59 techni- 
cal program consisting of 14 subjects 


plans will be increased production 
of high-quality steel, increased pro- 
duction and decreased imports of 
rolled products, and stimulation of 


has been developed to assist in that 
country’s efforts in placing greater 
emphasis on the dissemination of technical training for employees. 
technical information and in-plant He suggested that the iron and 
RANGE OF personnel. steel industry should exploit markets 

rhe February meeting featured a calling for use of highly alloyed steels 
discussion of Mexican heavy indus- . sacs . 

curs ; ; a and that the industry should assist 

try. “Copper and Copper Alloys 
were discussed in April. 

Patricio Qunitanilla, Tezuitlan Cop- 
per Co., emphasized the rapid growth 


in organizing and disseminating basic 
technical information. 

Roberto Tapia Reyes, Cobre y Ale- 
asiones S.A. addressed the Chapter 
in April on “Copper and Copper AI- 
loys.”"—Jose A. Perez Casas 


during the past few years in the 
iron, steel and chemical industries. 


Among the main points in future 


Participatin 1 the Mexico Chapter April meeting were Juan de Luca, Metales Avila SA; Chapter 
Secretary Enrique Leon Andrade; Chapter Vice-President Luis Delgado Vega; Chapter Education 
Officer Fernando Gonzalez Vargas; and speaker Roberto Tapia Reyes 


View of part of audience at Mexico Chapter’s April meeting. Greater increases in the dissemination 
of technical information is part of Mexico’s program in the basic heavy industries. 
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1944-45) Alten Foundry & Machine Co 


Past Chairmen of the Central Ohio Chapter were awarded certificates of 
meeting. In front row are: Kenneth McGrath 
Ohio; Thomas E. Barlow (1945-46) International Minerals & Chemicals Corp 
Dunbeck (1946-47) International Minerals & Chemical Corp 
Floyd Co., Columbus, Ohio; Fred W. Fuller (1948-49) Fred W. Fuller Co., Cleveland; William 
Bland (1950-51) Commercial Steel Castings Co., Marion, Ohio. Rear row: Daniel F. Krause (1952-53 
Gray Iron Research Institute, Columbus, Ohio; C. W. Gilchrist (1953-54) Cooper-Bessemer Cory 
Mt. Vernon 1954-55) Ohio Steel Foundry Co Naaman 

1955-56) Battelle Memorial Institute, Columbus, Ohio; Thomas W. Cusack (1956-57) O 
Kelley Co., Springfield, Ohio; Pau 1957-58) Ohio Steel Foundry Co., Springfield, Ohio 
—Jose Acebo 


at the May 
Lancaster 
Chicago; Norman H 
Chicago; Ray Frank (1947-48) Bonney 


T 


Ohio; Ray Meyer Springfield, Ohio; 


H 
Keyser S 


Eubanks 


Mo-Kan Chapter 
Introduce Officers 


@ Certificates of appreciation 
awarded to officers serving during the 
1957-58 season at the May meeting 
New officers were 
No technical speaker was scheduled 
for the meeting but two films were 
“Iron-Carbon Alloys” and 
Matchplates | 


binations and when used separately. 
C. H. Fetzer 


were 


also introduced 


shown, 
“Pressure Cast 
Schlanke r 


Metropolitan Chapter 
Sand Process Talk 


@ Flow charts were used by O. J. 
Myers, Reichhold Chemicals, Inc., 
White Plains, N. Y. in addressing the 
April meeting. Myers discussed Vari Edwin A. Walcher, Jr., American Steel Found- 
ries, Chicago at the April meeting of the 
Northeastern Ohio Chapter discussed ‘‘Build- 
1g a Modern Foundry Organization.’ Walcher 
left) receives congratulations from Program 
A. H. Hinton, 
America.—Harold Wheeler 


ous sand processes classifying bind- 
ers into organic and inorganic groups 
and their components. He also dis- 
cussed the advantages and disad- 


: : : Chairman 
vantages of the binders both in com- 


Aluminum Co of 


Attending New England’s May 


Director H. G 


Meeting was 


Stenberg and speaker Earl Ha 


Texas Chapter 
Hears Purchasing Agents 
@ A critical review 
ing agents look for 
Ings was presented at a recent meet 
ing of the ( hapter Fou 
purchasing agents participated 

D. J. McConnell, National Supply 
Co., Houston stated that he 
looks for delivery schedule 
quality 


pure has 


of what 


when buving cast 


le Xas 


Te XaS, 
i definite 
product and in economic 
price. 
Norvell 
Houston, 
ments in this order; quality, delivery. 
Jack Edwards, Guiberson Corp 
Div., Dresser Industries, Dallas, Tex 


good 


Slay, A.C.F 
Te XasS 


Industries 
placed his require- 


as, stressed liaison between 


pure h iser and producer and a reason 


able profit must be expected by both 


to insure a satisfactory long-term ré 
lationship. 

Paul Logan, Convair Div 
Dynamics Corp., Fort Worth 


also served on the panel. 


General 
Texas 


pter News 


delegat 
a andat 
Eastern New York 


Holds Joint Meeting 


@ Approximately 90 members of the 
AFS Eastern New York Chapter and 
the American Society for Metals held 
i joint April. J. F. Wal 
Institute of 
spoke to the 
ind malleable 


meeting im 
lace, professor Case 
Cleveland 
m ductile 


| ec hnology 


group uray 


Irons. 


Shown le > right at Eastern New York's 


April meeting are speaker J. F Wallace 
hapter Chairmar L J DiNuzzo General 
Electric Ce Schenectady and Chapter 


Vice-Chairman R N Williams 
Pettinos, Inc., Philadelphia 


George F 


Northeastern Ohio Chapter in May held its Recognition Night honoring apprentices, old-timers, former Chapter Chairmen and former National Officers and outgoing officers. Seated at front table 


Clem Swencki, A. Ennis, Don Hartman, Al Hinton, John Fintz, Walter Seelbach, E. Claude Jeter 


» 


Frank J. Dost 
are Frank Steinebach, Ray Fleig, Jack Tressler, Henry J. Trenkamp, Walter Sicha, Fred Pfarr, Gilbert Nock 


Henry Oehling, Emil Romans 


Frank Cech, Dave Clark, Alex Barczak 


Gorlon Paul 


Harold Strater and Larry Rayel. At rear 
H. Wheeler 
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Chapter News 


Eastern Canada Honors Chapter Authors 








winner of the Eastern Canada 


r's writing contest with a paper er 





Attending Eastern New York’s first Ladies 
tight were left to right at table, National 
Director W. D. Dunn, Mrs. Louis J. DiNuzzo 
Chapter Chairman Louis J. DiNuzzo, speaker 
R. M. Smith and Mrs. Peter E. Noonan 


Eastern New York 


Holds Ladies Night 
@ Approximately 100 persons attend- 


100 - modern castings 


ed the first Ladies Night sponsored 
by the Eastern New York Chapter. 
Richard M. Smith, Coring Glass 
Works, spoke on “Glass and You.” 
Attending as a guest was AFS Direc- 
tor W. D. Dunn, Oberdorfer Found- 
ries, Inc., Syracuse, N. Y.—Leonard 
C. Johnson. 


St. Lovis Chapter 
Core and Mold Blowing 


@ Proper use of equipment to facili- 
tate blowing of cores and molds was 


discussed at the April meeting by 


L. D. Pridmore, International Mold 
ing Machine Co. Pridmore presented 


in illustrated lecture followed by a 
discussion period. 
More than 250 chapter members 
nd their wives attended the annual 


? 
April Spring Dance.—H. \ 


' 
Boemetr 





Varying reactions to what must have been 
O Lovis May 


Security and How to Obtain It’ was des 


ribed at the May eeting of the Central 
Ohio Chapter by Ray Monsalvatge who stated 
shit Mets eeds must be satished to atte 


$ re physical, emotional and 


spiritual requirements.—Jose Acebo 


Saginaw Valley Chapter 
Foundry Quality Control 


@ An estimated 150 persons in May 
attended the last regular meeting 
to hear R. W. Gardner, Ford Motor 
Co., speak on “Quality Control in 
the Foundry.” Gardner discussed the 
formulation of a quality control de- 
partment as well as its authority and 
responsibility. He also outlined the 
types of contro] systems used by 
Ford and the effectiveness of the 


program.—R. J. Gleffe 


New England Chapter 
Discusses Foundry Costs 


@ Approximately 135 chapter mem- 
bers attended the May meeting fea- 
turing a discussion on “Foundry Cost” 
by Earl Harlow, Draper Corp., Hope- 
dale, Mass. Each member was pro- 
vided with an actual breakdown of 
the foundry costs and they determine 
prices for individual castings.—F. S. 


Holway 





Active in New England’s May meeting were 
Chapter Chairman Alexander Beck, speaker 
Earl Harlow and AFS Director Henry G. Sten- 


berg 


Central Indiana 
Standardization Program 


@ “Standardization and Compliance 
Programs in the Foundry” were dis- 
cussed at the May meeting by Aus- 
tin E. James, Haynes Stellite Co., 
Kokomo, Ind. R. S. Hodler, Golden 
Foundry Co., Columbus, Ind., acted 
as technical chairman.—W. R. Patrick 





Austin E. James, featured speaker at Central 
Indiana May meeting 





Participating in Philadelphia's May meeting 
were Chapter Chairman H. C. Winte, Speaker 
William Thomas, Sr., and Technical Chairman 
H. P. Good—Leo Houser 





St. Lovis Chapter 
Future of the Foundry 


@ St. Louis Chapter members and 
members of the University of Missou- 
ri School of Mines and Metallurgy 
at Rolla, Mo., in May, heard W. G. 
Gude, Penton Publishing Co., Cleve- 
land, speak on “The Future of the 
Foundry.” 

rhe St. Louis Chapter with a mem- 
bership of less than 300 has averaged 
110 men per meeting during current 
technical season.—H. V. Boemer 


discussion of core and 
ve St. Louis Chapter Apr 


an 


Northeastern Ohio Chapter 
Holds Recognition Night 
@ Apprentices, 


( hapte I 


old-timers, former 
National Of- 
ficers honored at the chapter's 
Recognition Night held in May. 
Longest service in the foundry 
industry was held by Henry M. Oehl- 
ing, formerly of National Malleable 
& Steel Castings Co., Cleveland, with 


7) » 


iam VE 


Chairman and 
were 


irs 


Apprentices 


Wood patternmaking—Edward 
Lamparyk, Modern Patten Co., 3d 
place winner in the national competi- 
tion; Ronald Zipay, Warner & Swasey 
Co.: Douglas Petery, Pattern 
Works. 

Metal patternmaking—L. S. Uveges, 
Ford Motor Co.; Joseph Halm, Cove 
Pattern Works: H. J. Brown, Ford 
Motor Co. 

Iron molding—Carl Linger and Ju- 
nior Samples, W. O. Larson Foundry 
Co.; Joseph Kazimour, 
Foundry Co. 

Non-ferrous molding—Fred Taylor, 
Harsch-Ebaloy Foundry Co. 

Prizes of $25, $15, and $10 were 


Cove 


Superior 


awarded for Ist, 2d, and 
with duplicate awards made by the 
Patternmakers Jack C 
Miske 


3d places 


Association 


Central New York 


Making Good Castings 


@ Closer control of molding sand and 
the and sands will 
aid in improving casting quality, 
Clyde A. Sanders, American Colloid 
Co., Skokie, Il]., told the chapter at its 
April meeting. Sanders in an_ illus- 
trated lecture stressed the 
by which better finishes 
obtained in castings. 
Sanders told 
his observations made 


use of cool fine 


methods 
could be 
also foundrymen of 
recently on a 
tour of European foundries.—C. W. 
Diehl 


Directors attend Central New York 
nn erdorfer 
e right is 


oid C 


Northern Illinois-Southern Wisconsin 
Elects, Officers, Directors 


@ Officers and directors for the 
59 season have been elected by 
Northern Illinois-Southern 
chapter. 
Officers are 
Chairman—Harry V. 
Foundries 


1958 
the 
Wisconsin 


Rossi, Ebaloy 
Corp., Rockford, Ill. 
Vice-Chairman—John F. 
Gunite Foundries Corp., 
Ill. 
Secretary—George Tamblyn, Green- 
Bros. & Co., Rockford, Ill. 
Treasurer—William B. Sterna, Fair- 
banks, Morse & Co., Beloit, Wis. 
Directors (Terms expire 1961) — H. 
M. Bacon, Beloit Foundry Co., Be- 
loit, Wis.; Roy Ray, Fairbanks, 
Morse & Co., Beloit, Wis.; John 
Seeboth, A. P. Green Fire Brick 
Co., Beloit. 


Carberry, 


Roc kford, 


lee 


Chapter News 











Retiring Wisconsin Chairman N. Amrhein pre- 


sent’s chapter's gavel to L 


Chapter Chairman 
Booth is on right 


Chapter 


J 


TECHMICAL DIRECTOR 
MAGNESIUM DEPT. 
DOW CHEMICAL CO 


e 


VICE -PRES 
A.F.S 


MAGNESIUM 


RECEIVED A 
FLYCASTING ROD 
FOR His HOYT 


C. Fuerst, Falk Corp., Milwaukee, 
Woehlke nsin Chairman 
Secretary B. H hairman N 


new presents 


retiring Ct 


Ambhrein with a past pres 
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Chapter News 


Northern California 


Hirsch Ends Term 
cs QOutgo 


id i 
i 


Philadelphia Chapter 

What the Customer Wants 

®@ “What the Customer Wants in His 
Castings” was explained it the May 
meeting by William Thomas, Sr 
Emmaus Foundry & Machine ( 
Emmaus, Pa. Herman P. Good, Tex 
tile Machine Works, Reading, Pa 
served as Technical Chairman.—E. ( 


Philadelphia Chapter Chairmar 
Winte shakes hands with the ne 


airman R. Walker. In the 


ha 


JULY 


Wisconsin July 25... 
. 


y Clul Annual Outing 
Philadelphia 
ers Golf and ( 

Annual Outi 


July 18 . . Manufactu 
ntrvy Club, Oreland, Pa 


AUGUST 


Canton District . . Aug. 2 . . Brookside 
Country Club, Barberton. Ohio An- 
nual Picnic and Golf Party 

Twin City 
Country Club 


Aug. 18 . . Midland Hills 


Annual Golf Outing 
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Final Report on 


( 


; , >) 
Continued from page 29 


There is a family of may 

wim density distributions 
5 Increased density is possible 
by increasing the definition (num 
ber of screens ) in the foundry clas 


sihcation series 


“Density of Sand Grain Frac- 
tions of the AFS Sieve Analysis,” 
R. W. Heine, University of Wis 
consin Madison Wis.. and T. W 
Seaton, American Silica Sand Co 
Ottawa, II] 

The density of sieve fractions 
decreas« S as fine ness increases, re- 
gardless of the method used for 
compaction when high-purity silica 
sand grains are used. The density 
of sieve fractions increases as fine 
ness decreases, regardless of the 
method used for compaction 

Presence of iron oxides in sands 
has the effect of increasing density 
the fractions bevond the densi- 
ties obtained for comparable frac 
tions of relatively pure sands. Re- 
gardless of the size and shape of 
the sand grains, the relationship 
between compacting energy and 
density remains the same. This is 
true of sands relativelv free of non- 
silica particles 

As fineness of the fractions in- 
creased, maximum density was 
achieved with less applied jolting 
energy After 
was reached, additional application 


maximum density 


of energy only resulted in a re- 
duction of density of the mass. It 
was possible to achieve higher den- 
sities when the samples were vi- 
brated than could be achieved by 


either jolting or ramming 


“Correlation of Green Strength, 
Dry Strength and Mold Hardness 
of Molding Sands,” KR. W. Heine. 
University of Wisconsin, Madison, 
Wis.; E. H. King and J. S. Schu- 
macher, Hill and Griffith Co., Cin- 
cinnati. 

Not only does the work of mold- 
ing vary in the foundry, but so do 
the sand ingredients, particularly 
the percentage of water in the 
sand. Therefore to know the prop- 
erties of sand in a mold, the green 
and dry compressive strength prop- 
erties of molding sands need to 


be measured OVCI a much wider 
range of molding effort and mold 
hardnesses than is now done with 
the standard AFS “three-ram” test. 

This paper shows how green 
compressive stre neth and drv com- 
pressive strength of foundry sands 
at various moisture levels are re- 
lated to the mold hardness devel- 
( ped by molding. 

The mold hardne SS achieved in 
1 particular sand mixture is de- 
termined by the ramming effort 
ipplied and the moisture content 
of the sand. A higher moisture con- 
tent causes a lower mold hardness 
to be devel- 
oped from fixed molding energy. 

With respect to moisture con- 
tent, it is the so-called free wate! 
which causes the major increase 


and green strength 


in dry strength and decrease in 
green strength at any particular 
clay content Green strength is 
maximum in the absence of “free” 
water and dry strength is very low. 
The moisture content which should 
b increasing dry 
strength mav be calculated. 


e exceeded tor 


“Hot Deformation of Molding 
Sand,” H. W. Dietert, Harry W. 
Dietert Co., Detroit, and T. E. Bar- 
low, Eastern Clay Products De- 
partment, International Minerals & 
Chemical Corp., Chicago. 

The need for hot deformation 
arises be cause sand grains grow or 
expand when heated by molten 
metal. Hot deformation is one 
means a sand possesses to accom- 
modate such expansion. Sand grain 
expansion places the face of a 
mold in a compressive load. As 
the load increases the sand mold 
face will undergo hot deformation. 
relieving excessive compressive 
loading. If the sand mold face is 
unable to relieve the load bv de- 
formation, grain growth will build 
up sufficient compressive stress to 
buckle the sand mold face. 

Sand will expand at a progres- 
sive rate; thus one should measure 
and numerically express the accom- 
modating hot deformation as a 
rate factor at relative low loads 
and not at rupture load. The hot 
deformation rate factor is a possi- 
ble method for evaluating sands as 
to their safety factor in reference 
to mold surface fracture tendencies. 


62d Castings Congress 


Ultimate hot deformation is use- 
ful in evaluating the hot toughness 
of sand in reference to dirt inclu- 
sions, cuts and washes. The hot 
deformation rate at 2000 F may 
be increased by the following: 

1) addition of cellulose materials, 

2) addition of cereal binders 

3) addition of sea coal. 

4) addition of pitch, 

5) working sand on dry side of 
temper, 

6) working sands with ample 
clay substance, 

7) limiting fines. 


“Evaluation of Shell Molding 
Process Capabilty,” W. C. Truck- 
enmiller, C. R. Baker, and G. H 
Bascom, Albion Malleable Iron Co., 
Albion, Mich. 

Principal advantage of the shell 
process for the production of a 
transmission part was closer dimen- 
sional tolerances, which: 

1) reduce metal removal, 

2) increase ease of static and 
dynamic balancing, 

3 p! vide greater unimormity de- 
sired in automated machining op- 
erations. 

Statistical analysis of the initial 
pattern tryout on split differential 
cases indicated: 

1) relationship between the proc- 
ess capability and customer toler- 
ances, 

2) provision of an exacting ap- 
proach to establishment of critical 
pattern dimensions in a single cor- 
rective step without danger of high 
cost of pattern repair or replace- 
ment. 

Examples of process capability 
studies of shell core making equip- 
ment showed, as in the cases of 
casting dimension studies, not only 
present process capability but in- 
dicated numerical values for cor- 
rections to improve dimensional 
accuracy. 


“High Temperature Properties 
of Shell Molds,” Report of Sand 
Division Committee 8-N, R. A. 
Rabe, Foundry Process Develop- 
ment Section, General Motors 
Corp., Detroit. 

Shells made with bank sand had 
less severe cracking than those 
made with an angular grain silica 





sand or a round grain silica sand. 
Test specimens made with the 
bank sand mixes also had lower 
hot expansion in the laboratory 
tests. All shell cracking took place 
in the first 15 to 60 seconds after 
pouring. 

Shells made with 6 per cent res- 
in, dry mix had less severe crack- 
ing and less expansion than the 
shells made with a 4 per cent res- 
in, cold-coated mix, for a given 
shell thickness. The plate detect 
on the cope side of the test cast- 
ing was entirely eliminated by re- 
ducing the gate area from 1.125 
in.- to 0.750 in.” 

Castings made in silica sand 
(round or angular grain) shells 
had smoother surface finish than 
those made in the bank sand shells. 
Castings made in bank sand shells 
had fewer surface defects due to 
mold expansion than castings made 
in silica sand shells. 

Because shell molds made with 
bank sand, containing up to one per 
cent clay, exhibited less cracking 
as compared to shells made with 
washed silica sands, bank sand is 
recommended where mold crack- 
ing is a problem. 


“Packing Characteristics of Ty- 
pical Foundry Sands,” L. |. Pedi- 
cini, Congress Die Casting Div., 
Tann Corp., Detroit. 

This paper deals with compac- 
tion of some typical foundry sand 
distributions: dry sand, two per 
cent moisture sand and bonded 
sands, 

The author concludes that: 

1) the proper choice of raw sand 
for green sand molding is much 
more important than most foundry- 
men appreciate. 

2) more work must be done to- 
ward a better understanding of one 
of the foundry industry's most im- 
portant raw materials—sand. 


“Sodium Silicate for the CO. 
Process,” E. A. Lange and R. E. 
Morey, U. S. Naval Research Lab- 
oratory, Washington, D. C. 

The rate at which sand mixtures 
develop strength with CO. increas- 
es with increase in the SiQ./ NasO 
ratio of the sodium silicate. The 
maximum gassed strength attained 
increases with increase in the 
SiO./H.O ratio of the sodium 
silicate. 

Gassed strength of the sands 
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When you think of SILICON 
think of KEOKUK! 


SALES AGENT: MILLER AND COMPANY 
332 S. Michigan Avenue, Chicago 4, lilinois 
3504 Carew Tower, Cincinnati 2, Ohio 

8230 Forsyth Bivd., St. Louis 24, Missouri 


Chief Keokuk decided to tutor his tot on 
tepee building. But Junior sees how o saw 
con solve the situation! Lo, the poor Prin- 
cess! Now she’s sole occupant of the first 
trimmed tenement in tribal history. 





BE RIGHT AT THE FRONT DOOR 

WHEN IT COMES TO QUALITY 

and low-cost production. Just choose Keokuk Silvery Pig Iron, 
every time! The superior form of silicon introduction, it’s the sure 
way to get an even distribution in every melt. Handle by magnet, 
furnace-charge by weight, or count the pigs for equal accuracy. 
Aluminum producers, put out the welcome mat for Keokuk 
Silicon metal. 


Keokuk Electro-Metals Company, Keokuk, iowa: 
Wenatchee Division, Wenatchee, Washington 


SILVERY PIG IRON 





Keokuk Silvery Pig—the superior 
form of silicon introduction—is 
available in 60 and 30 Ib. pigs 
and 12% Ib. piglets in standard 
analysis or alloyed to your spec- 
ifications. Silicon metal and 
ferro-silicon are supplied in 
standard sizes and analyses. 
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bonded with sodium silicate having 
high SiOQ./Na.O limited 
because the viscosity of high ratio 
sensitive to concentra- 
tion. Dry strength of sand bonded 
sodium silicate is dependent upon 


ratios 1s 


silicates is 


the composition of the sodium sili- 
cate and the C( )» gassing time 

Humidity of the air during an 
aging period has a great affect on 
the strength of sand bonded with 
sodium silicates. The efficiency of 
the CO, 
significantly increased by diluting 
the COs. with air 


gassing proce SS may be 


“Industrial Application of Oliv- 
ine Aggregate,” G. S. Schaller, 
University of Washington, Seattle. 

Compared to silica, the stand- 
ard foundry aggregate of this coun- 
try, olivine offers slightly 
cooling effect, 


greater 
heat ca- 
pacity, uniform thermal expansion, 


increased 


resistance to fracture by thermal 
shock and a somewhat higher fu- 
sion point. Since olivine sand is a 
manufactured aggregate it is avail- 
able in grain that 
can be controlled and reproduced. 
The sand grains are angular due 
to the nature of their manufacture. 

In non-ferrous 


selected sizes 


foundries, com- 
plete conversion to olivine aggre- 
effective in both 
product improvement and cost re- 
duction. The use of olivine facing 
for high manganese-steel castings 
has shown 


gates has been 


economic advantages 
that are so pronounced as to in- 
dicate its adoption as standard pro- 
cedure. 

Commercial shell-molding found- 
ries have devised a method of tak- 
ing advantage of the favorable 
thermal properties of olivine. 


“Sieve Ratios and Processing 
for Strong Molding Sands,” |. T. 
Parisi, O. C. Nutter and C. Michal- 
owski, Pekay Machine & Engineer- 
ing Co., Chicago. 

Suitably balance of adjacent 
screen distributions of grain sizes 
prevents the formation of either 
rhombohedral or rhombic types of 
packing. Typically good sands 
show a repetitive pattern of cubes 
formed from the mean sizes of 
adjacent screens. 

Strong cubically - compounded 
structures require three grain siz- 
es for each cube size present to 
form a supplementary continuous 
sand network parallel to the cube 


grain axes. The exceptionally good 
property Schumacher 4-sieve sand 
shows 91 per cent of the mass to 
with 


cube composed of at least three 


be tri-cubic structure, each 
grain sizes. 


High 


sands compounded cubically from 


strength low - expansion 
adjacent screens should have less 
than a 20 per cent volume of the 
largest cube size. A parallel type 
preparation 
is to separate the mixing and mull- 
ing phases so greater efficiency and 


of progress for sand 


effectiveness can be obtained. 

Mixing for greatest effectiveness 
should be done in two stages. First 

pre-mixing in a semi-dry flowable 
condition, and second—mixing for 
uniform distribution of temper wa- 
ter and formation of clay films. 

The application of full mixing 
and mulling energies to small suc- 
cessive volume increments permits 
a high degree of uniformity. 


“Sintered Alumina Molds for 
Investment Casting of Steels,” 
B. Bovarnick, and F. C. Quigley, 
Watertown Arsenal, Watertown, 
Mass. 

The mold described in this pa- 
per offers several desirable fea- 
tures: 

1) It is an easily formed thin- 
walled mold. 

2) It has the high refractory 
qualities necessary for the casting 
of low alloy steels. 

3) It mechani- 
cal strength requiring no backup 
in casting. 

4) There is no evidence of mold 
metal interaction when casting. 

5) The castings produced have 
good finish and are excellent re- 
productions of the wax patterns. 

6) The process is economically 
competitive with existing ferrous 
investment casting methods. 

These technical features and ec- 
onomic advantages indicate a high 
potential for the future use of thin- 
wall sintered alumina molds. 


possesses got »d 


CO. Core Experience in a Mal- 
leable Foundry,”’ G. Nestor, Na- 
tional Malleable & Steel Castings 
Co., Cleveland. 

To prevent foundry scrap cast- 
ings, such as hot tears, blows and 
cracks, cores are required with low 
hardness, low gas content and with 
good collapsibility. It is therefore 
necessary to consider these prop- 





erties when formulating a sodium 
silicate core-sand mixture. It is also 
necessary to take into considera- 
tion method by which cores are 
made. The majority of cores are 
made with a core blower: few are 
made on the bench or by hand. 

From this study it was conclud- 
ed that cores could be made eco- 
nomically only if quality cores 
could be produced at a high level 
of production. To determine if this 
was possible a high production au- 
tomotive casting was selected for 
a trial of the process. 

One of the most annoying prob- 
lems to be overcome was sticki- 
ness in the core box directly under 
the blow holes and on the under- 
tace of the blow plate. Another 
problem was that of hardening of 
the core-sand mixture in the holes 
of the blow plate. Hardening of 
the core sand mixture in the blow 
chamber or magazine of the core- 
blow machine was also a major 
concern. 

release oil was added to the 
core-sand mixture to eliminate 
these conditions. This release oil 
was composed of 18 parts fuel oil 
to one part oleic acid. It was add- 
ed at the rate of two ounces to 
every 100 lb of sand mixture. The 
addition of oil acted as a lubricant 
as well as a means of retarding air 
setting of the core-sand mixture be- 
fore it is used. 


“Investigations of the Effect of 
Heat on the Bonding Properties 
of Various Bentonites,” F. Hof- 
mann, George Fischer Ltd., Schaff- 
hausen, Switzerland. 

Various bentonites have differ- 
ent thermal resistances and can- 
not be fundamentally changed by 
ion exchange; however, in most 
cases the rate of bonding capacity 
loss dependent on temperature 
may be improved. 

Bentonites with high-ion  ex- 
changeability have a higher ther- 
mal resistance than those with low 
ion exchangeability. While a high 
swelling capacity of sodium ben- 
tonites is not essential, it indicates 
a high thermal resistance. 

Thermal resistance may be de- 
termined by differential thermal 
analysis (DTA). The position of 
the second endothermic deflection 
indicates the temperature of final 
destruction of bonding power and 
recovery properties. Bonding capac- 
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Aluminum Alloy Mechanisms. 
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MAKE REAL SAVINGS FROM THESE ADVANTAGES! 


CHERRY EASY-OFF FLASKS are of 
proven design and construction. 
CHERRY LUMBER is the finest avail- 
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air dried 

SIDES AND ENDS finished 14” on all 
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SOLID CORNERS are machine dove- 
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chine locking 
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minum Easy-Off Flask and incorporate 


Sy 


Le 


the same simple idjustment and revers il 
of locking position 

STEEL PROTECTING STRIPS ar 
standard equipment at top, bottom and 
parting. Aluminum strips available upon 
request at no extra charge 

*ANDLES AND TRUNNIONS are 
iV tilable whe nh spec ifie d, Pee Iron Trus 
ses if required 

PIN AND EAR ARRANGEMENT avail 
ible to interchange with present pattern 
plate guides 

Did you get the Adams story at the 62nd 
Castings Congress and Show? It told you 
how Adams Flask Equipment meets your 
requirements in practically all methods 
of production. If you missed it, write to- 
day for Adams big profit-making catalog. 


The ADAMS Company 


lowa 


1883 75 years of progress 1958 


Circle No. 257, Page 7-8 


Dubuque, 


Adams Aluminum Easy-Off Flask 


Adams Jackets, Cast Iron or Aluminum 


wes 


‘s 
/ 
“7 


July 1958 - 105 








better chilled 
iron abrasives 
.o nd why 


We have specialized in the manufacture of metal abrasives since 1888. 
We have “grown up” with their expanding use Such long contact 
with their production and use has given us unequalled know-how 
and experience in their manufacture 


A continuous program of research for the improvement of metal 
abrasives has been carried on with one of America’s foremost metals 
research organizations since 1937 


We employ the most modern techniques in melting and processing 
to produce metal abrasives to exacting standards of chemistry, hard- 
ness, toughness and uniformity of these elements from one lot to 
another. It is more than significant that the two largest manufacturers 
of blast-cleaning equipment in the world sell and recommend Samson 
Shot and Angular Grit for best results in their equipment. 


LEADERS in development of 
PREMIUM-TYPE ABRASIVES 


The two best known names in premium 
abrasives were developments of two of our 
subsidiaries. MALLEABRASIVE, the first 
malleablized type of metal abrasive ever pro 
duced, set the pace for development of all 
other makes of premium abrasives. TRU 
STEEL Shot was the first high-carbon all 
steel shot produced to meet demand for this 


YZ; specialized type of abrasive 
A, One of these products may do your blast-cleaning 
TRU-STEEL job better, and at lower cost. Write us for full 
(/ information. 

+ Shot 


PITTSBURGH CRUSHED STEEL CO. 


Arsenal Sta., Pittsburgh 1, Pa. 





Subsidiaries: - - - 
The Globe Steel Abrasive Co., Mansfield, O. (Malleabrasive) 
Steel Shot Producers, Inc., Arsenal Sta., Pittsburgh (Tru-Steel) 
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ity decreases gradually with rising 
temperature. 

Green strength of bentonites as 
delivered tells little about their 
life. Bentonites with high initial 
green strength but poor resistance 
are less economical than _ bento- 
nites with moderate bonding ca- 
pacity but high thermal resistance. 

Natural non-swelling calcium 
bentonites with a high rate of ion 
exchange may be equivalent to 
natural western-type bentonites. 


“The Problem of Hot Molding 
Sands,” R. W. Heine, University 
of Wisconsin, Madison, Wis. and 
E. H. King and J. S. Schumacher, 
Hill and Griffith Company, Cin- 
cinnati. 

The hot sand problem of pro- 
duction foundries involves two im- 
portant physical processes. 

First, the sand must be cooled 
to a temperature where effective 
mulling begins. The cooling proc- 
ess requires a definite time inter- 
val and per cent water addition 
depending on the temperature of 
the sand. Batch size, cooling air, 
type of muller, muller speed, am- 
bient temperature, and other vari- 
ables also influence the actual cool- 
ing time required. 

Second, mulling must be con- 
tinued after the initial cooling pe- 
riod. This will cause adequate dry 
strength to be developed and _ per- 
mit the sand to approach the ideal 
dry and green strength combina- 
tions which result from room tem- 
perature mulling. The criterion of 
adequate mulling time for hot sand 
should be dry compressive strength 
(or combination of green and dry 
strength) rather than green 
strength. 


“Gas Pressures in Green Sand 
Molds,” C. T. Marek, Purdue Uni- 
versity, West Lafayette, Ind., and 
C. B. Ward, United States Air 
Force, Wright-Patterson Air Force 
Base, Ohio. 

Mold pressures decrease with 
increasing permeability. Permea- 
bility being a function of moisture 
content, changes in permeability 
up to an optimum of 5.5 per cent 
moisture tend to counteract the 
pressure-producing effect of vapor 
generation. Increasing moisture 
beyond this optimum value how- 
ever, results in a decreasing per- 
meability with increasing pressure. 


Light Metals 


“Some Requirements for Suc- 
cessful Fividity Testing,” S. A. 
Prussin, Pacific Semiconductors, 
Inc., Culver City, Calif., and G. R. 
Fitterer, University of Pittsburgh, 
Pittsburgh, Pa. 

Duration of the fluidity test is 
less than a second, making it im- 
possible for a commercially gated 
mold to be independent of the 
human variable. The use of a res- 
ervoir fluidimeter design permits 
fluidity rods to be cast under con- 
stant and reproducible metallostat- 
ic pressure. 

Variation in fluidity length un- 
der identical metal and mold con- 
ditions was attributed to the domi- 
nance of one of two _ possible 
mechanisms of flow cessation. 
There are two regions in the flow- 
time curve of the fluidity test for 
a pure metal: an initial constant 
velocity region probably corre- 
sponding to flow while the metal 
stream is completely liquid, and 
the final decelerating region during 
which solidification is occurring. 


‘New Aluminum-Magnesium- 
Zine Casting Alloy,”” H. C. Rute- 
miller, Aluminum Co. of America, 
Cleveland. 

A new heat treatable aluminum 
casting alloy designated as X250 
has been developed for applica- 
tions requiring good ductility, high 
tensile strength and excellent re- 
sistance to corrosion. This alloy 
contains 8 per cent magnesium, 
1.5 per cent zinc, 0.25 per cent 
manganese, and 0.15 per cent cop- 
per. 

Casting characteristics and me- 
chanical and physical properties 
are similar, in general, to those of 
the aluminum—10 per cent mag- 
nesium alloy, 220-T4. But alloy 
X250-T4 offers two important ad- 
vantages—better resistance to stress 
corrosion cracking and _ greater 
stability of tensile properties dur- 
ing natural aging. 


“Foundry Practice for Sand Cast- 
ing Commercially Pure Alumi- 
num,” R. V. Scalco and M. V. 
Davis, Anderson Electric Corp., 
Birmingham, Ala. 

The following factors must be 
considered when sand casting pure 
aluminum: 

1) The solidification range of 25 













F (14 C) and solidification shrink- 
age of 6.6 per cent makes feeding 
extremely difficult. 

2) The tendency of this metal 
to be “hot short” requires close 
attention to casting design and 
core practice, where cores are used. 

3) Ease of hydrogen adsorp- 
tion on the surface of molten met- 
al requires close attention to the 
melting practice employed. 

4) Low mechanical strength ne- 
cessitates extremely careful shake- 
out procedures and subsequent 
handling of the castings to avoid 
deformation of the castings. 

5) Soft aluminum castings cause 
galling or seizing, as well as load- 
ing of saws and abrasives used in 
cutting gates and risers. 

The design of gating and riser- 
ing systems for sand castings of 
commercially pure aluminum are 
designed with these objectives in 
mind: 

1) To provide for feeding cast- 
ings with a_ high solidification 
shrinkage metal. 

2) To introduce metal to the 
mold cavity with a minimum of 
turbulence. 

3) To provide a controlled pour- 
ing rate gating system to avoid 
misruns on the one hand and burn- 
in or washed sand on the other. 

4) To introduce metal into the 
mold cavity at locations conducive 
to producing temperature gradi- 
ents that provide for directional 
solidification. 


“A Method of Casting Radiator- 
Type Fuel Elements for a Nuclear 
Reactor,” A. W. Hare and R. F. 
Dickerson, Battelle Memorial In- 
stitute, Columbus, Ohio. 

Optimum casting conditions for 
the chromium-uranium eutectic al- 
loy were found to be a_ pouring 
temperature of 2000 F with graph- 
ite mold temperature of 1600 F. 

Casting of larger sections of the 
perforated hexagon appears to be 
quite feasible, but the core align- 
ment problem probably would in- 
crease as the length of the casting 
increased. 


“Induction Melting in a Magnes- 
ium Sand Foundry,” |. G. House 
and M. E. Brooks, Dow Chemical 
Co., Bay City, Mich. 

Work with a low-frequency in- 
duction furnace shows that it is 





When warehouse quantities of Iron Foundry Alloys 


are required in a hurry —there’s a Vanadium 
Corporation Distributor right in your area 
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capable of melting magnesium al- 
loy in the sand foundry under 
production conditions with produc- 
tion personnel. Based on somewhat 
limited experience, it would ap- 
pear that the operating character- 
istics of the induction furnace 
compare favorably with those of 
conventional gas or oil-fired melt- 
ing units 

The final decision as to whether 
the induction furnace or the gas or 
oil-tilter furnace is the more desir- 
able melting equipment will de- 
nend upon local considerations, 
including the relative costs of 
equipment and installation, fuel 
and power costs and the molten 





metai requiremciis of the foundry. 


“Foundry Characteristics of a 
Rammed Graphite Mold Mate- 
rial for Casting Titanium,” H. W. 
Antes, J. T. Norton and R. E. 
Edelman, Frankford Arsenal, Phil- 
adelphia. 

Suitable expendable graphitic 
molds can be made for casting 
titanium. Common foundry tech- 
niques and equipment may be util- 
ized to fabricate these molds. 

Permeability, strength, thermal 
conductivity, surface finish and 
shrinkage of these molds can be 
varied by controlling water con- 
tent and molding pressure. Satis- 


From the World's Largest Copper-Melting Electric Furnace factory molds for casting titanium 
can be prepared from a six per 


cent water mixture by using mini- 
mum molding pressure of 100 psi. 
eee 


“Improvement of Castings by 











Whiting Hydro-Arc Electric Furnace at the Perth tenance costs . . . and Hydro-Arec costs less in- Press Forging,” A. H. Murphy 

Amboy, N. J. plant of American Smelting and stalled than other equipment of equal capacity. and W. Rostoker, Illinois Institute 

Refining Company pours a ton of copper every For prime melting or duplexing get the facts on of Technology, Chicago: and L. L. 

two minutes—24 hours a day, 7 days a week. Op- Hydro-Arc. Clark. Fa wa he el M steallarete al 
erating costs are competitive, even in this area of ee ena Ykla_ - 

high-priced electric power. SEND FOR NEW 8&-PAGE BULLETIN EF-100 Corp., Muskogee, Okla. 

telling all about the electrode arm Substantial increases in the yield 

Hydro-Arc offers you the precise temperature and clamp which floats on a cush- and ultimate strengths of castings 

control that assures a top quality product—be it ion of air and which is clamped by can be achieved by the applica- 

copper, iron, steel, or any other metal or material. a cushion of air. Booklet is fully tion of relatively small deforma- 

You will save money, too, because continuous illustrated. Whiting Corporation, tions applied either cold or warm. 

— boosts production S$ tis top-charging re- 15628 Lathrop Avenue, Harvey, The pressures necessary to de- 

uces downtime . . . simplified design cuts main- Illinois. velop the requisite deformations 

Member of the Foundry Equipment Manufacturers Association are reasonably low particularly 

when forging is done at about 

87 OF AMERICA’S “FIRST HUNDRED” CORPORATIONS ARE WHITING CUSTOMERS 300-400 F. The choice of elevated 

temperature must lie below the 

peak aging temperature if such ex- 

ists, or at least below the recrys- 

FOUNDRY tallization temperature. Magnitude 

SQUIPMENT of the strength enhancement is in- 

dependent of the temperature of 

forging below the peak aging tem- 
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There are geometric conditions pe ae 
governing feasible pressures of ; 
forging. Using height-to-diameter ' Bentonite plant 
or height-to-width as measure of completely equipped, 
this, there are minimum limits be- ultra-modern, fully automatic 
low which flow pressures rise pro- to put uniformity 


hibitively. A potential process is adios Mhantuie ganteas with... 
available by which the cost and 


isotropy of mechanical property Rt 7 
characteristics of castings can be r : j 

combined with properties ap- 

proaching those of forgings. f 

“The Parlanti Mould Process for : ia 


the Casting of Metal by Con- 


trolled Rate of Heat Transfer,” 2 . ; 

Dr. C. A. Parlanti and R. D. Ven- ; 2 tL : a 

eklasen, Niforge Engineered Cast- Central control room 

ings, Inc., Boston. simplifies plant oper 
The Parlanti Mould Process com- ~ cme a 

prises a method of controlling the ; 


even-cooling of a cast mass in or- 
der to obtain optimum physical test 


figures in castings at least compar- FROM THE MINE TO YOUR PLANT 


able to the test bar figures expect- 








od Grune aay ‘gestionier diay. Every detail of ADM’s new auto- Every chance of human error has been eliminated 

‘ , b matic processing plant was planned by the latest production control devices. All meas- 

The process makes use of the =. to insure absolute uniformity of ADM- uring and weighing is done by instruments, dryer 
high-thermal conductivity of alu- FEDERAL GREEN BOND. Designed heat is electronically controlled, material is 
minum to control both the direc- by foundrymen, for foundrymen, the plant handled by the most modern pneumatic and belt 
tion and the rate of heat transfer is now in full operation concentrating its conveyors, and packaging is completely automatic. 

output on the foundry industry ... and These are a few reasons why ADM-FEDERAL 
offering the purest, highest quality Western GREEN BOND Bentonite will provide more casting 
bentonite available today. benefits per dollar than any binder of its kind. 


from the molten metal. The alumi- 
num mold and the face which 
comes in direct contact with the 


The new facility, located in Colony, Wyoming The Colony operation is furthe ‘ 
; ; F y, F y, j . ‘ irther evidence of ADM's 
molten metal is deeply anodized. & i evidence 


' ‘all more than doubles ADM's previous capacity. Stock- determination to provide the foundry industry with in- 
The anodized layer, essentially piled for immediate processing are 150,000 tons of telligent solutions to their casting problems. Talk to an 
Al.Oz, has a melting point over virgin clay, with millions of tons drill-tested for ADM field service representative today and you ‘Il see these 
3700 F. It is also hard, and, there- purity and ready for mining. attitudes reflected. Why not visit our new plant soon? 
fore, resistant to erosion and wear, 
making possible repeated use of 
the mold. — yews , . ‘9 
The anodized film, being a re- Ae The new bag design for 
3 of } ] - } ] 5 ] ; ’ oe at ‘ ADM.FEDERAL GREEN 
fractory with low thermal conduc- Tne ere wy E setae Rahnaten Gores 
tivity, momentarily checks the flow , , plont illustrates in-line . ) TE labeled with the familiar 
of heat from the metal as it is ‘ arrangement of equip- Archer trademark, your 
° ° - : ° v SS ment. Dryer is shown - . guorantee of quality.* 
poured, keeping it from freezing Sin toreqvennd ree aR i 
too rapidly. This film also acts as {a : | me { Chemiat 
. . . ' ef Sn y Check 
a barrier enabling the mold to con- ' \, ' tn Peter lag ere 
. ; ; ; . en won by ADM Control 
duct the heat to the inner faces : Archer-Daniels-Midland 
- ’ Erie Cl Plan 
of the mold at a regulated rate abe llegice-k Matheniarttyben 
* % -f : 7 ‘ Bentonite production 
without any great heat absorption ' ; : leyeut, 300 #2. in length, 
in its own mass. ak located on 100 acres of 
. iif fi land in Colony, Wyo 
As a net result, the first metal to 
enter the mold is the first to freeze. A 
So controlled pouring produces pro- _ 6 ail aA 
° -3en ° . . ; > i. ‘ 
gressive solidification of the part > f 
from the bottom up, the last metal 


to freeze being the header. Pouring cee - l | ) = 
can be rapid, but within the ~ Sy [I 


= 


— 


f=U 


+ 


’ 
bounds necessary to eliminate tur- | L re A 
bulence. The solidification process ————— 
results in a dense casting, while : " 
the high cooling rate produces fine \ March er Da niels Rh idland com pany 


grain. Both contribute to improved 


mechanical properties of parts pro- FEDERAL FOUNDRY SUPPLY DIVISION 


duced bv this svstem J 2191 West 110th Street « Cleveland 2, Ohio 
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pneumatic tools 
increase outpuYy... 
cut production ‘costs 


HORIZONTAL 


Balanced, lightweight 


VERTICAL GRINDERS 


The perfect tool for cup wheel grind- 


ing 
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disc. Models fo 
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capacity 


> wheel ' 
wheel 
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on flat or curved surfaces. May be 


ipped with wire brush or sandi 


abrasive 





thee ome 


\ > firetool Lt 


HEAVY DUTY DRILL 

A rugged tool for speedy produc- 
tion or general maintenance drill- 
ing. Effective 


insures long trouble-free service 


lubrication system 


Equipped with self-centering 7, 


3-jaw chuck 





IDGET DIE GRINDERS 


a 


i 60.000 RPM 


GHTWEIGHT “NV 


DRILLS 
Con 


ips 


.AIRETOOL 


WRITE FOR fe) 
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containing 

complete, detailed 
nformation on 
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Pneumatic Tools 

ond eccessories 


MANUFACTURING COMPANY 
SPRINGFIELD, OHIO 


BRANCH OFFICES 
New York. Chicago. 
Tulsa, Philadelphia, 
Houston, Baton Rouge 


~ REPRESENTATIVES: in principal cities of U.S.A... Canada, Mexico, Puerto Rico, 


South America, England, Europe, 


Italy, Japan, Hawaii 


EUROPEAN PLANT: Vlaardingen, The Netherlands 


CANADIAN PLANT: 37 Spalding 


rive, Brantford, Ontario. 


Circle No. 262, Page 7-8 


* modern castings 


“Tensile Properties of Micro- 
shrinkage — Graded AZ63 Mag- 
nesium Alloy,” |. LD. Grimsley 
and I. J. Feinberg, U. S. Naval 
Ordnance Laboratory, White Oak 
Silver Spring, Md 

Microshrinkage in magnesium al- 
loy AZ-63 is detrimental to all of 
the tensile properties 
used in acceptance criteria. It dam- 
elongation 


commonly 


ages severely, tensile 


and the vield 
strength slightly. Transverse align- 


strength moderately 


ment reduces elongation and ulti- 
mate strength more than the longi- 
tudinal alignment. Longitudinal 
alignment was found to be slightly 
vield strength. 
Therefore it is apparent that micro- 
shrinkage in should be 
evaluated with respect to its ori- 


more severe on 


castings 


entation relative to service stresses. 
Reliable estimates of mean prop- 
perties can be 
statistical 
straight 


through 
Thus, fitted 
found to be 
adequate in representing decreas- 


obtained 

analyses 
lines were 
es in ultimate strength, elongation 
and transverse yield strength with 
increase in microshrinkage degree 
The 95 per cent confidence limits 
within which the true means were 
found, vary with the scatter aris- 
ing from true radiographic assign- 
ment and inherent casting material 
variations 

There is now considerable arbi- 
trariness involved in radiographic 
specifications limiting the degree of 
microshrinkage allowable for par- 
ticular applications. In overcoming 
this the application of an adequate 
strength level for highly stressed 
areas requires one approach; the 
utilization of inferior 
grades of material where property 
requirements are 


economic 


not stringent re- 
quires another. 


“Effect of Impurities upon the 
Resistance of Magnesium Cast- 
ing Alloys AM262 and AM266 to 
Corrosion,” B. J. Nelson, Alumi- 
num Co. of America, New Ken- 
sington, Pa. 

The tensile strengths of the AM- 
262 and AM266 alloys, where com- 
pared to AM260 and AM265, are 
decreased slightly but the yield 
strength is increased somewhat by 
the additional amounts of copper 
and of silicon which are present 
in the AM262 and AM266 alloys: 
nickel has little if any effect on 
the properties. 


Some 


sand cast 


natural aging occurs in 
AM262 and AM266 al- 
loys; the evidence is less convinc- 
ing for permanent mold cast AM- 
262. In addition, the properties of 
the alloys in the -T6 temper are 
decreased slightly by natural aging. 
In NaCl environments, alloys hav 
ing the impurity 
content, nickel, 
similar resistance to corrosion. 


same range ot 


including have 

In general, acid-dipped bars are 
more than 
where 


resistant to corrosion 


are chrome-pickled bars 


the corrosive element. is greatet! 
than moderate. This is probably 
due to the local breakdown of the 
chrome-pickle, which leads to a 
pitting attack rather than an over- 
all general surtace corrosion. 
Based upon exposures of up to 
seven vears in a marine atmos- 
phere, all alloys of low nickel con- 
tent have about the same resist- 
ance to nickel 


contents lead to an inferior resist- 


corrosion; higher 
ance to corrosion. 

In an industrial atmosphere, the 
different 
groups of alloys of the same tem- 
per appear similar. There is little 
if any difference in this test be- 
tween the over-all atmospheric cor- 


rosion 


corrosion resistance of 


alloy bars 
which are acid-dipped or chrome- 
pickled. In this case, any break- 
down of the chrome-pickled surface 
is slow, and a pitting type of at- 
tack does not seem to occur. 


resistance of 


“A Casting Technology for Re- 
active Metals,” F. W. Wood, S. L. 
Ausmus and E. D. Calvert, U. S. 
Bureau of Mines, Albany, Ore. 

Consumable-electrode, cold mold 
arc-casting in a vacuum has been 
demonstrated to be a_ practical 
method of reactive 
metals. The technique is adapt- 
able to the production of special 
shapes by either static or centrifu- 
gal casting and in some instances 
provides the only means of satis- 
fying requirements for corrosion 
resistance, alloy homogeneity, high 
temperature strength or special nu- 
clear properties. 

The practice should not be con- 
sidered competitive with vacuum 
induction casting, levitation melt- 
ing or electron gun melting. In- 
stead, these methods supplement 
each other yielding a broad range 
of processes capable of satisfying 
a broad range of requirements. 


processing 





“High Strength Aluminum Alloy 
X357, Properties and Aging 
Practices,”” A. B. DeRoss, Kaiser 
Aluminum & Chemical Sales, Inc., 
Chicago. 

It is important with high purity 
alloy X357 that foundry melting 
practices be controlled to eliminate 
the possibility of iron pick up or 
other impurities from equipment 
or from foreign contaminates. The 
chemical composition of the alloy 
should be maintained as close to 
the nominal amount as possible. 
This is particularly true of the 
magnesium content 0.50 per cent 
nominal. A significant reduction 
in tensile and yield properties ap- 
parently can result if the magne- 
sium content is allowed to drop 
below 0.45 per cent. 

Fluxing with chlorine gas is de- 
sirable although it must be well 
controlled as excessive chlorine gas 
Huxing will remove magnesium and 
thereby reduce the net amount 
of magnesium remaining in the 
casting. Although chlorine gas is 
an excellent fluxing agent, its use 
in high purity X357 is not alto- 
gether necessary. 

Aluminum chloride, hexachloro- 
ethane and other generally accept- 
ed chemicals are suitable. High 
purity alloy X357 has excellent 
mold filling characteristics, machin- 
ability, dimensional stability and 


corrosion resistance. 


“Rigging Design of High Strength 
Magnesium Alloy Castings,” \. 
C. Flemings, R. W. Strachan, E. J. 
Poirier and H. F. Taylor, Massa- 
chusetts Institute of Technology, 
Cambridge, Mass. 

By judicious chilling of heavier 
section castings and by careful 
foundry practice, the mechanical 
properties of magnesium alloy cast- 
ings may be raised substantially 
above present design minimums. 

In a heavy section AZ9IC alloy 
casting (1/2-in. to 2-in. section 
size) the techniques described, in- 
cluding chilling, resulted in an 
average improvement of 70 per 
cent in ultimate tensile, 34 per 
cent in yield strength and 400 per 
cent in elongation over present re- 
quired design minimums. In a simi- 
lar AZ92A alloy casting, the tech- 
niques resulted in 60 per cent in- 
crease in ultimate tensile strength 
and 30 per cent increase in yield 
strength. 


EXere’s the ideal combination for 


casting aluminum automatically 





Lindberg-Fisher two-chamber Induction Furnece for 
- > 'ting and holding equipped with Lindberg Autoledie, 


We hope to see you at the Foundry Show. 
Drop in at Booths 1404-1521. 


Do you die-cast aluminum? Then take Lindberg’s famous 
two-chamber induction melting and holding furnace, add “Little Joe”’ 
Lindberg’s new automatic pump, and you'll have the most efficient 
automatic combination anywhere. The Lindberg-Fisher two-chamber 
furnace melts in one chamber, holds metal at precisely the right 
temperature in the other chamber, and “Little Joe” automatically 
delivers exactly the right size shot to the casting machine. With 

this combination all handling of molten metal is eliminated, perfect 
control of metal temperatures and shot size is maintained, and 

all automatically. For safer, more economical, more precise handling 
of aluminum or any non-ferrous metals or alloys better see 
Lindberg. Just get in touch with the Lindberg plant or the Lindberg 
Field Representative in your locality, or write Lindberg-Fisher 
Division, Lindberg Engineering Company, 2440 West Hubbard St., 
Chicago 12, Illinois. Los Angeles Plant: 11937 S. Regentview Ave., 

at Downey, California. 


LINOBERG heat for industry 
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BETTER STEELS 


—AT LOWER COST 



































ADDING ALLOYING ELEMENTS 


... to the bath requires the experience of melters who know 
how to control the important factors of time, temperature and quantity. 
Skilled melters also know that a GLC graphite column with the ‘‘weld- 
strength” Unitrode nipple helps make better steel at lower cost. 


FREE— This illustration of one of the skills employed by the men who make 
the metals has been handsomely reproduced with no advertising 
text. We will be pleased to send you one of these reproductions 
with our compliments. Simply write to Dept. C-7. 


ELECTRODE 
GREAT LAKES CARBON CORPORATION 


18 EAST 48TH STREET, NEW YORK 17, N.Y. OFFICES IN PRINCIPAL CITIES 
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In the light section casting in- 
vestigated (1/10-in. to 1/2-in. 
section size) chills were found to 
be unnecessary for obtaining opti- 
mum properties. Unchilled cast- 
ings of both AZ9IC and AZ92A 
alloys made with careful foundry 
practices were found to possess 
ultimate tensile strengths about 40 
per cent above present values. 


“The Release of Hydrogen from 
Molten Aluminum,” A. Pal, Anna- 
purna Metal Works, Calcutta, In- 
dia, and H. M. Davis, Pennsylvania 
State University, University Park, 
Pa. 

A significant portion of the hy- 
drogen in molten aluminum can be 
removed by treatment with bri- 
quettes containing magnesium oxy- 
chloride weighted with corundum. 
The decomposition products of the 
briquettes make no objectionable 
addition to the aluminum. 

In the experiments reported, the 
porosity of the briquette-treated 
metal was largely attributable to 
shrinkage. The corollary is that 
higher densities could have been 
attained in the briquette-treated 
ingots had the feeding been ade- 
quate. Unless continued solidifica- 
tion toward the feeding head is 
realized (mainly through design 
of the mold), the beneficial effect 
of the flushing is masked by un- 
soundness. 


“An Improved Design for Cast 
Tensile Bar Molds,” M. Karnow- 
sky, Sandia Corp., Albuquerque, 
New Mexico. 

Observation of a lucite model 
of the QQ-M-151 test bar mold 
design showed the following: 

1) Air bubbles clean up slowly 
in the well. 

2) Turbulence is induced by the 
chokes or dams. 

3) The design of the runners in- 
duces turbulence at two points. 

4) Fluid flow is unequal in the 
three cavities. 

Since the turbulence in the run- 
ners and the irregularity with 
which air escapes from the mold 
could account for variations in the 
dross characteristics of the tensile 
bars produced from such a design, 
an attempt to construct an im- 
proved mold was made. Runner 
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design has been studied by a num- 
ber of investigators. The following 
principles were used in this at- 
tempt: 

1) Large radii should be used 
for direction changes. 

2) Runners should be in the 
drag and ingates in the cope when 
possible. 

) The total cross-sectional area 
of the runners in a_two-runner 
system should equal 6 times the 
bottom area of the sprue. (In a 
single runner system, the runner 
area should equal four times the 
area of the sprue.) 


“Problems Encountered in Cast- 
ing Reactive Metals,’ W. A. As- 
choff and D. H. Blair, Oregon 
Metallurgical Corp., Albany, Ore. 
Before shape castings can be ex- 
pected to occupy the quantitative 
position they deserve in the reac- 
tive metals field, we must solve 
the questions of gas porosity and 
temperature control. The problem 
of what to do with conventional 
alloys, heat treatment and devel- 
oping better alloys specifically 
for casting must be solved. The 
problem of better and more effi- 
cient methods of making these 
castings to reduce cost and of sell- 
ing the prospective customers on 
the advantages and availability of 
these shapes must be answered. 


“Performance of Chills on High 
Strength Magnesium Alloy Sand 
Castings of Various Section 
Thickness,” M. C. Flemings, R. 
W. Strachan, E. J. Poirier and H. 
F. Taylor, Massachusetts Institute 
of Technology, Cambridge, Mass. 

Chilling substantially improves 
the properties of a heavy section 
casting in both AZ9IC alloy and 
AZ92A alloy. Properties of an un- 
chilled heavy-section casting of 
AZSIC alloy averaged 24,200 psi 
ultimate tensile strength, 16,500 
psi yield strength and one per cent 
elongation. 

Chilling raised these average 
properties to 43,500 psi ultimate 
tensile strength, 23,800 psi yield 
strength and three per cent elonga- 
tion. 


“The Effect of Cooling Rate on 
the Grain Size of Magnesium 
Casting Alloys,” R. D. Green, 
Dow Chemical Co., Midland, Mich. 

A study of the effect of cooling 


rate on the grain size of several 
magnesium - aluminum - zinc alloys 
and a magnesium-rare earth zinc 
alloy shows that the grain size of 
Mg-Al-Zn alloys is established at 
50 F below the liquidus. For the 
case of the Mg-Re-Zn alloy, the 
grain size is established at 30 F 
below the liquidus. 

Correlation of grain size and cool- 
ing rate through the above ranges 
shows that in Mg-Al-Zn alloys the 
grain size decreases as the cooling 
rate increases to 200 F per min 
and then remains constant with 
increases to 600 F per min. 

There is little effect of cooling 
rate on the Mg-Re-Zn alloy grain 
size. The effect of cooling rate on 
grain size is explained on the ba- 
sis of constitutional supercooling 
and nuclei effectiveness. 


Management 
Getting the Most Out of Yourself, 
R. Monsalvatge, Dayton, Ohio. 

Monsalvatge outlined traits that 
make up the successful employee: 
sincerity, integrity, humility, cour- 
tesy, wisdom, charity—criteria, (ac- 
cording to the famed psychiatrist, 
Menninger) essential to maturity. 
Your employer is looking at you as 
a leader, teacher and student—a 
person of action. 

He emphasized the importance 
of picking out a definite goal, ana- 
lyzing the necessities in reaching 
it, planning actions and following 
them. We must realize that the 
biggest price one has to pay for 
self-development is effort. Too 
many consider this too great a 
price to pay. 


Creating A Climate For Manage- 
ment Development, KR. B. Parker, 
American Brake Shoe Co., New 
York. 

Parker believes the most impor- 
tant single problem now facing 
foundry management is that of 
finding and developing top execu- 
tive material. A common mistake 
is thinking that because a man is 
a salesman, an accountant, or in 
some other position, he is capable 
of nothing else. You'll never know 
what a man’s capabilities are until 
you give him a chance to prove 
himself. Management must create 
a climate that will give the em- 
ployee a real opportunity to ex- 
tend himself, to reach out beyond 
the borders of his present job. 





Why Gamble 


on Blast Cleaning 
Efficiency? 


eoswhen your profit is at stake! 


The chances are 3 to 1 that your blast cleaning operation 
costs you far more than it should. Check this list and see 
how many ways you can save. 


CHECK LIST OF BLAST CLEANING EFFICIENCY 


iS YOUR BLAST EQUIPMENT ADJUSTED TO GIVE 
YOU MAXIMUM PRODUCTION BY: 
1. Throwing the maximum amount of abrasive at 
the work? 








Throwing an abrasive mixture with a full range 


2 


of sizes, and no contaminants 





Throwing all the abrasive upon the work with 
minimum wear on machine parts? 





Using the abrasive best suited for your 
application? 

















ARE YOU GETTING MAXIMUM CLEANING ECON- 
OMY BY ELIMINATING ABRASIVE LOSSES: 


Through the separator system ? 


. Through the dust collector and _ ventilation 
system? 


3. Through abrasive carried out with the work? 


4. Through cabinet leaks and poor housekeeping ? 


ARE YOU REDUCING MAINTENANCE COSTS AND 
PRODUCTION LOSSES BY: 


1. Obtaining longest possible life from wear parts? 








2. Using preventive maintenance to reduce “down 
time’? 

















If you have to answer “no” or “don’t know” to any of these questions, 
you’re gambling with potential profit dollars. The best way to 
eliminate this gamble and save any profit “‘waste” is described in 
Wheelabrator Abrasive Bulletin No. 902D. Write for your copy today. 


WHEELABRATOR §f)l) i 


630 South Byrkit Street Mishawaka, Indiana 


Canadian Offices: Scarborough (Toronto) — Montreal 
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ELIMINATE PINHOLE POROSITY 
AND OXIDES IN ALUMINUM 
CASTINGS... 


Save you 
wasted time 
and 
materials 


Photo shows pinhole porosity which 
resulted with untreated alu- 
minum alloy casting 


Speedily removes hydrogen from 


all aluminum alloys 
Minimizes oxidation 


Helps remove dirt and non- 


metallics from the melt 


Produces drosses low in metal 
content 


Prevents oxide build-up in 


This photo shows how pinhole porosity furnaces 


is eliminated completely when 
casting is treated with Foseco 
COVERALS and DEGASERS 


Easy to use 


Inexpensive 


Efficient Foseco Coverals and new Foseco Degase rs, more efficient than ever, 
are available for use in all types of melting furnaces, and for treating all 
iluminum alloys 

Foundry Services. Inc. maintains a continuing research and development 
program to create more efficient products to insure you high quality metals 
at a low cost. Consult us for assistance on any of your metal treatment 
problems. We can help you improve product quality as well as save you 
time and money 


FOUNDRY SERVICES, INC. 


2000 BRUCK STREET COLUMBUS 7, OHIO 
Im Caonmada: FOUNDRY SERVICES (CANADA) LTD., 201-7 Alice $t., Guelph, Ontario 


Nome 
Send this coupon for free 


leaflets giving all 
the facts about treating 
aluminum alloys Address 


Company 


i — 
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safety, hygiene, air pollution 


BY HERBERT 


Is Noise A Racket? 


Some people think noise is a racket 
not only in the acoustical sense of the 
word but also in the slang meaning 
of it. 

The reason for this view is that 
some states have made occupational 
loss of hearing compensable even 
though the original intent of the 
Workmen’s Compensation Act was to 
compensate an industrially injured 
worker for loss of earning capacity 
resulting from his injurv. 

Now in the case of industrial deaf- 
ness there is seldom any loss of earn- 
ing capacity because the very nois¢ 
which created the hearing impalr 
ment is usually so intense that com 
munication by means other than 
speech is necessary. Thus the worke1 

in continue in his job earning full 
wages. 

However, certain states, notably 
New York and Wisconsin, have made 
oct upational loss of hearing compens- 
able under the Workmen’s Compensa 
tion Act. Other states are about to 
follow the precedent which can onl 
result in increased insurance costs. 

What can foundrymen do about 
this right now? Sometimes the engi- 
neering control of noise is difficult 
ind expensive and even if the foundry 
noise were controlled tomorrow what 
ibout employees previously exposed 
to noise? Do they now sustain a hear- 
ing impairment because of previous 
exposure, and if so, how much? 

What about new job applicants? 
Did you know that 25° of all ap- 
plicants already have hearing loss? 
And that some have losses as high 
as 50 decibels in each ear? Some day 
you will pay for this hearing loss be- 
cause you did not know it previously 
existed . . . UNLESS 

You begin a program of pre-em- 
ployment and periodical audiometric 
testing. The audiogram will tell you 
how much hearing loss a job appli- 
cant had before you hired him and 
it will tell you also the hearing con- 
dition of employees already on your 
payroll. Even when you transfer an 
employee from one department to 
another an audiogram should be tak- 
en. 

The audiogram will help you locate 


WeEBE! 


Normal hearing losses as men age 


the noise susceptible individual who 
should not be subjected to a noisy 
environment. The audiogram also 
guides you in proper job placement; 
protects you against paying for loss 
of hearing for which you are not re- 
sponsible; and enables you to hire 
people having hearing loss without 
prejudice. 

In fact. I know of a forge shop 
that hired a deaf mute. While the 
hearing of speech is impossible in the 
shop, you never call this man any 
names if he is looking at you, not 
only because he’s a giant, but be- 
cause he can read lips. 

It doesn’t cost much to have an 
audiometric testing program, but if 
you think your operation is too small, 
have you ever thought of running a 
co-op for audiometric testing with 
other foundries or other plants in your 
arear 

If you need further convincing of 
the value of audiometric tests look 
at the figure which shows that normal 
hearing losses begin shortly after men 
reach age 25. 

The frequencies important for 
speech intelligibility are contained 
between 500 and 2000 cps. The ex- 
pression, “Presbycusis losses”, means 
hearing loss due to increasing age. 
The curve is related to the general 
male population and indicates that 
hearing losses exist regardless of oc- 
cupation. 
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NFFS 1958 Government Industry luncheon guests were: R. C. Meloy, Marketing 


Director Gray Iron Foundry 
Foundry Co., Waukesha, Wis.; Wm. H. 


Copper Div., BDS, Washington, D. C.; C. 


Society; M. 


E. Nevins, Wisconsin Centrifugal 
Franklin, Chief, Operations Branch, 
J. Egetter, Crown Brass Mfg. Co., 


Alhambra, Calif.; and in the back row P. E. Lankford, East Birmingham Bronze 
Foundry Co., Birmingham, Ala.; A. A. Snow, Aluminum & Magnesium Div., 
BDSA, Washington, D. C.; Elmer Brummund, Brummund Foundry Co., Chicago 


and Herb Scobie, NFFS executive secretary. 
NON-FERROUS FOUNDERS’ SO- 
CIETY, . . . Evanston, Ill., held the 
15th anniversary program in the Car- 
ter Hotel, Cleveland. Combining man- 
agement sessions, board and execu- 
tive sessions, board and committee 
meetings and a breakfast for NFFS 
management group officers, this year’s 
meeting also included a meeting and 
luncheon of the newly-formed Cast 
Bronze Bearing Institute, a Society 
affiliate. Presiding was C. J. Egetter, 
president, Crown Brass Mfg. Co., 
Alhambra, Calif., and president of 
NFFS during the past year. 

National officers elected were Pres- 
ident — P. E. Lankford, partner, East 
Birmingham Bronze Foundry Co., 
Birmingham, Ala.; Ist vice-president 
— M. E. Nevins, president, Wiscon- 
sin Centrifugal Foundry Co., Wau- 
kesha, Wis.; 2d _ vice-president — 
E. G. Brummund, Jr., vice-president, 
Brummund Foundry, Chicago. Her- 
bert Scobie, executive secretary, con- 
tinues as secretary-treasurer. Florence 
M. Guernier, Highland Park, IIl., was 
named assistant secretary-treasurer. 

At the AFS Show held in Cleveland 
NFFS_ exhibited castings produced 
by member firms and recorded re- 
quests from castings users for the 


1958 NFFS Castings Buyers’ Guide 
soon to be issued. 

Highlight of the annual meeting was 
NFFS_ Government-Industry Lunch- 
eon. President-elect P. E. Lankford 
presided. The Industry and the Copper 
Division was discussed by W. H. 
Franklin, Copper Div., Business & 
Defense Services Administration, 
Washington, D. C.; A. A. Snow, di- 
rector, Aluminum & Magnesium Div., 
B.D.S.A., spoke on Mobilization and 
the National Executive Reserve Pro- 
gram. Other speakers and their sub- 
jects were: Supervisory Incentives, 
J. W. Horner, Jr., Slack-Horner Brass 
Mfg. Co., Longmont, Colo.; How to 
Get Your Share of the Market, R. C. 
Meloy, marketing director, Gray Iron 
Founders’ Society, Cleveland; and 
Impact of Pension Trust Costs, Ted 
Snyder, Russell M. Trolley & Asso- 
ciates, Indianapolis. A  dramatiza- 
tion of selling techniques prepared 
by H. A. White, Smeeth-Harwood 
Div., Capital Brass & Aluminum 
Foundry Co., Chicago, featured W. 
M. Clark, D. W. Clark & Co., Inc., 
East Bridgewater, Mass., as purchas- 
ing agent, and G. T. Fischer, Fischer 
Casting Co., Dunellen, N. J., and 
J. F. Gilbert, Gilbert Brass Foundry 


Co., St. Louis, as salesmen. 








THE FOUNDATION FOR MAN 
AGEMENT RESEARCH .. . Chi- 
cago, reported that despite current 
dip in capital spending, leasing of 
capital equipment in first four months 
of 1958 showed a 14 per cent gain 
over the similar period a year ago 

according to information gleaned from 
United States Leasing Corp. Largest 
users of leased industrial equipment 
today are 10 manufacturing indus 
tries; pulp, paper and allied prod 
ucts; electrical equipment and ma 
chinery; chemicals and drugs; rubber 
products; fabricated metal products; 
petroleum refining; food products; 
lumber and wood products; aircraft 
printing-publishing 
While major industrial items leased 
aside from 


and parts; and 
automobile fleets) are 
machine tool and metal forming 
group (lathes, milling, boring ma 
chines, hydraulic presses and forges), 
there has been a decided spurt. in 
leasing of mining equipment, con 


struction machinery, pumps, diesel 
power, cranes, electrical apparatus 
communications systems and printing 
presses. 

For companies interested in exam- 
ining advantages and disadvantages 
of leasing industrial equipment, or 
even entire plants, a recent study is 
available entitled “Leasing and Amer- 
ican Industry”. For a copy circle C, 
Reader Service Card, page 7-8. 


U.S. ARMY ENGINEER RESEARCH 
AND DEVELOPMENT LABORA. 
TORIES, . . . Fort Belvoir, Va., held 
a conference on steel castings. Im- 
portance of industrial development of 
lightweight, high-strength materials 
to new mobile military equipment was 
stressed. The three-day conference, 
sponsored by the Laboratories in co- 
operation with other government 
agencies, was presented jointly with 
Steel Founders’ Society of America, 
Alloy Casting Institute and Invest- 
ment Casting Institute. A. L. Tarr 
of the Laboratories and A. J. McDon- 
ald of S.F.S.A. served as chairmen. 

The program covered the use, de- 
sign; specifications and inspection of 
steel castings, and featured lectures 
by leading experts. Approximately 
175 representatives of government 
and industry attended. Subjects cov- 
ered were: the use and purchasing of 
steel castings; elements for design of 
steel; inspection of steel castings; the 
importance of high-alloy castings in 
the design of structural equipment; 
and selection of alloys for various 
types of corrosive service, covering 
the heat-resistant cast alloy grades. 

Dramatic possibilities of the invest- 
ment casting process in producing 
close to size components indicated 
several potential types of applications 















for Army Corps of Engineers con- 
Variations from regular 


casting procedures from the viewpoint 


sideration 


of specifications, use, design and in- 


spection were covered, 





Steel castings conference attended by 
government and industry representatives 
Shown here with Col. A. H. Davidson 
Lab’s director, are (left to 
Donaldson, executive vice 
McDonald, Washington 
ind R. L. Gilmore, presi 
dent Steel Founders’ Society of America, 
ind A. L. Tarr, USAERDL, conference 


general chairman 


|r center), 
right) F. K 
president, A. J 


representative 


THE FOUNDRYMEN’S CLUB . 

banquet, July 29, to be held at 
General Motors Institute, Flint, Mich., 
will feature E. N. Cole, general 
manager, Chevrolet Motor Div., and 
GMC as the main 
speaker. The Foundrymen’s Club, or- 
ganized in 1954, is promoting the 
third annual senior’s banquet, and is 
preparing a car and casting display 
to be held in the gymnasium of GM 
Institute. Cars of the five GMC car 
divisions and the castings used in 


vice-president, 


these cars will be shown 


MALLEABLE FOUNDERS’ SOCIE- 
TY ... Cleveland, have elected to the 
Board of Directors, for a four year 
term which began June 1, 1958, Jo- 
seph Abusamra, (president, Belcher 
Malleable Iron Co., Easton, Mass.); 
R. S. Bradshaw, Jr., (president, Texas 
Foundries Inc., Lufkin, Texas); and 
T. T. Lloyd, (vice-president, Albion 
Malleable Iron Co., Albion, Mich.) 


American Malleable Castings Co... . 
Marion, Ohio, installed pearlitic mal- 
leable iron production facilities. This 
addition, another phase of their com- 





plete plant and equipment moderni- 
zation program, makes it possible t: 
produce both standard and _ pearli' 
malleable iron castings in the M 
plant. 


July 1958 - i5 














Build an idea file for plant improvements. 
Reader Service Cards, page 7-8 
will bring more information .. . 


FOR SALE 








425,000 Sq. Ft. of Floor Space 


Steam & Electric Power Generating Cap. 





Suitable for 
Various Types of Manufacturing 





Large Supply of 
Excellent Process Water 





Located in 
East Providence, R.!. 





Rail, Truck & Water Transportation 
Ample Parking & Loading Facilities 





LIBERAL FINANCING 





For Illustrated Brochure and 
Full information 


Apply to 
John B. Carpenter Real Estate 
735 Hospital Trust Building 
Providence 3, Rhode Island 
Tel. Gaspee 1-0120 








Circle No. 272, Page 7-8 


Handling Costs! 


Sterling Heavy Duty All- 
Steel Trucks are ideal for 
transporting castings from 
Wheelabrator, Roto Blast 
or similar equipment. 2000 
lbs. capacity. Reduces 
number of loads required. 
Saves both time and labor. 
Height is adjustable to ac- 
commodate discharge door. 
Roller bearing wheels and 
ball bearing swivel casters 
increase maneuverability. 
Sturdy, reinforced welded 
construction. Ask for Cat. 


STERLING NATIONAL 
INDUSTRIES, inc. 


Founded 1904 as 
Sterling Wheelbarrow Co 


Milwaukee 14, Wisconsin, U.S.A. 





Illustration shows one of 25 Sterling Heavy Duty Trucks 
in daily use at the Green Foundry, St. Louis, Mo. 











Circle No. 267, Page 7-8 
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Foundry methods . . . sheets describe 
methods of determining resin particle 
size, heated inclined plate flow, film 
cure and core binder viscosity, solids 
content and specific gravity. Also 
specification sheets for liquid core 
binders and synthetic resins. Reich- 


hold Chemicals, Inc. 
Circle No. 341, Page 7-8 


Scrap control . . . facilitated by sand- 
cleaning unit illustrated in brochure. 
Features pointed out in photos and 
line drawings. Unit designed for use 
with front-end loader. Large scrap 


discharged at wheelbarrow height: 


ferrous scrap which passes through 
grid mechanism separated from sand 
by magnetic pulley. Royer Foundry & 
Machine Co 

Circle No. 342, Page 7-8 


Epoxy resins applications and 
advantages presented in 8-p_ bro- 
chure. Well-illustrated booklet sum- 
marizes uses of epoxy compounds 
in various industries including metal- 
forming, plastics, foundry, chemicals 
and electronics industries. Contains 
applications and advantages of plas- 
tic tooling, potting, impregnating, 
coating and adhesive resins. Mar- 
blette Corp. 
Circle No. 343, Page 7-8 


Shell molding . . . with forsterite 
grains described in 4-p_ brochure. 
Covers history and description of 
shell-molding process as well as prop- 
erties and development of forsterite. 
Preparation and use of forsterite 
shells outlined. Also includes a glos- 
sary of terms used. Harbison-Walker 
Refractories Co. 
Circle No. 344, Page 7-8 


Die-casting alloys . . . their proper- 
ties and industrial applications, are 
described in 32-p booklet. Lists die- 
casting alloy specifications of the 
A.S.T.M., S.A.E., U. S. Army, U. S. 
Navy and Aeronautical Material Spe- 
cifications. Also contains discussion 
of modern die-casting practice, in- 


the asking 


cluding gating and venting of the 

dies, metal injection pressures, sur- 

face finish of the dies, temperature 

and important factors to be consid- 

ered when designing castings. Amer- 

ican Smelting and Refining Co 
Circle No. 345, Page 7-8 


Time-zone map . . . depicting stand- 
ard time zones of the United States 
and Canada offered. Suitable for 


wall or desk-top locations, the map 








n three C ylors on S-] 2 
x ll-in. card stock. Useful for those 
who are frequent ] mng-distance ph me 
callers. Ohio Seamless Tube Dit 
Copperweld Steel Co 

Circle No. 346, Page 7-8 


is printed 


Foundry coke . . . performance eval- 
uated in experimental cupola. Test 
procedures and results summarized 
in brochure which includes line draw- 
ing of cupola. Data obtained said to 
improve quality of foundry coke. 
Hickman, Williams & Co. 
Circle No. 347, Page 7-8 


Cobalt reference lists available 
referring to literature published on 
cobalt in aluminum alloys, patents, 
and cobalt in heat-resistant and high- 
creep-strength austenitic steels and 
alloys. Refers to publications from 
1908 to 1957. Cobalt Information 
Center, Battelle Memorial Institute. 
Circle No. 348, Page 7-8 


Nuclear engineering technology . . . 
home-study course offered by Wash- 
ington, D. C. technical school. Ob- 


Continued on page 119 








Blood Stream Absorption 
is the Key to Asphyxia 


Gases drawn into the lungs dur- 
ing respiration, unless they are of the 
simple asphyxiant or irritant type, do 
not exert any physiological action until 
they have been absorbed into the 
blood stream through the alveolar 
tissue. The nature and severity of 
the reaction which follows is depend- 
ent upon the concentration of the 
poisonous substance in the blood, the 
length of time which it remains in 
the blood and the comparative toxicity 
of the material. 

The four factors which determine 
the effect of an inhaled poisonous 
gas or vapor upon the body are con- 
centration, duration, toxicity and in- 
dividual susceptibility. 


Changed Within Body 


Two classes of gases exert an effect 
on the body after absorption into the 
blood stream, the reactive and the 
non-reactive. A reactive substance is 
one which is changed within the body 
and is eliminated in forms other than 
that in which it was absorbed. 

The poisonous action can be ex- 
erted either by the original substance 
or by the product of its decomposi- 
tion. An example is ethyl alcohol, 
which exerts its action before decom- 
position has taken place, but which 
is eliminated from the body in other 
forms. Aniline is another example of 
a vapor which exerts its main action 
through the products of decomposi- 
tion rather than as the original sub- 
stance. 


Not Changed 


A non-reactive substance is one 
which is not changed to any great 
extent within the body and is, there- 
fore, eliminated in the same form in 
which it was absorbed. Simple or un- 
combined aliphatic hydrocarbons (so- 
called “straight chain” series) such as 
methane, ethylene and acetylene are 
examples of non-reactive gases and 
vapors. 

Certain of the irritating gases re- 
quire considerable time for develop- 
ing their entire effect on the lungs so 
that at first there is little or no irrita- 
tion. Some hours later, after a period 
of but minor discomfort, if any, seri- 
ous symptoms or death may occur. 
Nitrous fumes and phosgene are gases 
of this type. 

With methyl chloride, methyl bro- 
mide, and ortho tricresyl phosphate 
(reactive compounds), a longer latent 
period (sometimes several days) may 
follow exposure. This is because of 
the time necessary for these substances 
to change within the body to other 
compounds. In other cases, as with 





modern castings 


FOUNDRY FACTS NOTEBOOK 
FIRST AID FOR 


ASPHYXIA 


by J. B. DuNNE 

Medical & Hospital Dept. 
Globe Industries, Inc. 
Dayton, Ohio 





Every industrial and commercial 
plant faces the constant threat of 
death to its employees by asphyxia. 
Although this has been the situa- 
tion for decades, this threat is now 
becoming greater because of the 
increased use of more dangerous 
chemicals and raw materials; elec- 
trically-operated equipment is be- 
ing used for more production work; 
and extended use of combustion 
equipment has added to the ever 
present threat of carbon monoxide 
poisoning. 

The setting up of an efficient and 
workable over-all program for in- 
plant treatment of asphyxia, pul- 
monary or cardiac cases involves 
the coordination of accident pre- 
vention training with the use of 
efficient modern respiratory assist- 
ance equipment. Although the in- 
dustrial physician and the nurse 
in the dispensary will be the focal 
point for the treatment of these 
cases, this type of program should 
be integrated with the over-all 
functions of the safety engineer 
and industrial hygienist, so that 
prevention and treatment go hand 
in hand. 

Preventive Measures . . . will re- 
quire the full cooperation of man- 
agement and supervision. Organ- 
ized labor will also find that it 
has a definite stake in the pro- 
gram. All potentially hazardous 
materials, practices and equipment 
should be carefully analyzed and 
any dangers listed. A helpful guide 
is contained in the Table. It points 
out the more common types of 
hazards and should be of help in 








Founpry Facts Noresook is designed to bring you practical down- 
to-earth information about a variety of basic foundry operations. As 
the name implies, this page is prepared for easy removal and insertion 
into a notebook for handy future reference.—Editor 











Resuscitator has been brought into quick action here to assist the 
breathing of an asphyxia victim in a heat treat department. 


laying out the investigative phases. 
A vital phase of the preventive 
program is the correct training of 
select personnel in each depart- 
ment in first aid, and particularly 
in the standard technique of man- 
ual artificial respiration. Since the 
first few seconds in cases of as- 
phyxia can mean the difference be- 
tween life and death, the need for 
immediate application of manual 
respiration is apparent. In this way 
the patient can be adequately ven- 
tilated until the portable resusci- 
tator can be brought into use. 





Treatment of Cases 

Manual artificial respiration is 
fairly reliable, but its effectiveness 
may be affected by fatiguing of 
the operator, the lack of an oxy- 
gen-enriched air supply and the 
possibility of harm to an injured 
patient if it is not properly and 
uniformly applied. 

The automatic resuscitator elim- 
inates these disadvantages because 
it provides a concentrated and con- 
trolled supply of oxygen; it can 
be used on injured and burned 
patients in inaccesible places, it 
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FIRST AID FOR ASPHYXIA 


Potential Hazards 























Class Type Preventive Measures 
1. Diseases a. Cardiac conditions Regular physical checkups; 
b. Asthmatic and circulatory Constant surveillance and encour- 
cases agement to observe the doctor's 
c. Hypertention sufferers suggested regimen; 
Employee instruction and job selec- 
tion. 
2. Equipment a. Chemical, oil tanks Hoods over tanks, etc. 
b. Vats and containers Exhaust systems 
c. Poorly ventilated rooms Make-up air systems 
Oxygen masks (self-contained breath- 
ing apparatus) where required for 
special areas and jobs. 
Employee training. 
3. Electricity a. Power and transmission lines | Signs, painting and guard rails and 
b. Powered equipment fences. 
c. Transformers Continuous maintenance and visual 
d. Portable power tools inspection of tools. 
e. Lightning Proper grounding of tools. 
Isolation of areas. 
Employee training. 
4. Asphyxiating | a. Carbon monoxide 
gases b. Exothermic and endo- 
thermic atmospheres 
c. Carbon dioxide 
d. Volatile hydrocarbons Signs, painting guard rails and 
fences. 
5. Chemical Chlorine Hoods and exhaust equipment. 
irritants a ——— las Continuous atmosphere sampling 
d. Hydrogen sulphide one hocking with Cetesting eyntp- 
e. Lime Regular maintenance of all equip- 
f. Sulphur ripe ae ment, pipes, fittings and tanks. 
g- Hydrofluoric acid gas Oxygen masks (self-contained breath- 
h. Nitrous fumes ing apparatus) where required for 
i, Bromine special jobs and areas not rendered 
i. Beryllium : safe by the other methods. 
k. Chloride of lime Employee training. 
lL. Nitric acid 
m. Phenols 
n. Phosgene 
o. Anticholinesterase agents 
p. Benzol 
q. Naphthol 
rt. Sulphuric acid 
s. Hydrocyanic acid 





can be used indefinitely; it signals 
automatically when the throat is 
obstructed and respiration is not 
taking place. 

Some medical authorities advo- 
cate the use of positive pressure 
on inhalation and negative pres- 
sure on exhalation when using the 
resuscitator. Others believe in us- 
ing intermittent positive pressure 
on inhalation, allowing exhalation 
to take place by passive recoil. The 
most modern resuscitators permit 
a choice of either method. 

These modern resuscitators are 
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also designed for the maximum 
safety of the patient. Pressure re- 
lief valves are provided on the 
high pressure regulator, and pop- 
off valves are included on the face- 
piece to vent any excess positive 
or negative pressure. They also 
have an inhalator arrangement 
which permits administration of 
oxygen without pressure to the 
breathing patient. An aspirator for 
sucking out mucous and liquids is 
also part of the resuscitator kit, 
along with a means of diluting the 
oxygen. 





The same key people who are 
trained in the use of manual arti- 
ficial respiration should also be 
taught the basic steps in the oper- 
ation of the portable resuscitator. 


Step 1—Bring portable unit to the 
scene of the accident as soon as 
possible. Open case and remove 
resuscitator valve, hose and as- 
pirator. 


Step 2—Position patient properly 
and connect proper face piece to 
resuscitator valve and turn it on. 
Automatic artificial respiration 
will start as soon as the mask is 
placed against the face of the 
victim. (It usually takes 10 sec- 
onds to complete these steps.) 


Step 3—If the resuscitator valve 
“clicks” rapidly, mask is removed 
and aspirator is inserted to re- 
move throat obstruction. 


Step 4—When patient's breathing 
becomes spontaneous, the turn 
of a knob converts the unit into 
an inhalator, and oxygen flows 
to him without pressure. 


Resuscitation . . . is used when 
breathing has stopped, as is often 
the case with electric shock, 
drowning, smoke inhalation, gas 
poisoning, concussion and many 
others. 


Inhalation . . . requires only a 
simple valve adjustment to pro- 
vide a steady flow of oxygen at 
36 liters per minute to the patient 
who is breathing feebly or labori- 
ously. On each breath he will in- 
spire extra oxygen to enrich the 
blood supply. 


Aspiration . . . is required when 
the air passages are obstructed by 
fluids or mucous. This condition is 
detected by a rapid clicking of the 
valve. By quickly switching to the 
aspirator, the obstruction is readi- 
ly removed. Victims of drowning 
or chemical inhalation will often 
have fluid in their throats. 


Demand Inhalation . . . provides 
oxygen to the patient who is 
breathing normally or near normal- 
ly, only when he spontaneously in- 
hales. This method for supplying 
additional oxygen is ideal for 
smoke inhalation cases and for 
heart attack and asthma patients. 


O 


O 


amido and nitro compounds of benzol 
and its homologues, the combination 
of another poison, such as alcohol, 
which may be drunk, produces serious 
symptoms. 


Non-Reactive Absorption 


The absorption of non-reactive va- 
pors and gases depends upon the 
solubility of the substance in the 
body fluids, the rate of solution (ab- 
sorption), the rate of lung ventilation 
(frequency and depth of respiration), 
and the rate of circulation of the 
blood. Changes in any one of these 
factors affect the ultimate action of a 
substance on the body. 

Non-reactive gases and vapors are 
eliminated chiefly through the lungs. 
The urine and other excretions carry 
away relatively small amounts. The 
concentration of the gas dissolved in 
the urine corresponds to that in the 
blood passing through the kidneys at 
the moment the urine is secreted. The 
elimination through the lungs follows 
definite principles similar to those of 
absorption. 


Reactive Absorption 

In general, the process concerned 
in the absorption of reactive gases is 
the same as for non-reactive gases. 
There is a difference in that the reac- 
tion and consequent destruction of the 
gas prevent the attainment of equili- 
brium which usually occurs from 
breathing non-reactive gases. The 
elimination of reactive substances is 
influenced by their alteration within 
the body, the amount of substance 
eliminated being less than the amount 
absorbed. 

The classification of gases and va- 
pors suggested by Henderson and 
Haggard in “Noxious Gases and the 
Principles of Respiration Influencing 
Their Action.” 

1) Asphyxiants—do not directly in- 
jure the respiratory tract, but produce 
effects by «using a condition of oxy- 
gen deficiency in body tissues. 

2) Irritants—injure certain tissues of 
the respiratory tract causing inflamma- 
tion of the ay nro passages and 
in some cases the lun 

3) Volatile drugs — drug-like 
substances—the anesthetic group, these 
substances have a drug-like action af- 
ter absorption through the lungs. 

4) Inorganic and organometallic 
substances—some are true poisons. Ac- 
tion observed after absorption into 
blood stream. 

This group has a wide diversity of 
action. Some are essentially tissue 
poisons. The action of these com- 
pounds is observed only after absorp- 
tion into the blood stream. 


@ Reprinted from National Safety Council 
phamphlet No. 9, “Gases and Vapors.” 
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jective of course, available this fall, 
is to provide advanced educ ation in 
the field of nuclear engineering tech- 
nology to fill predicted needs _ for 
nuclear engineering technicians and 
other engineering personnel For 
additional information about _ this 
course, circle No. 349 page 7-8. CREI 
Atomics, Inc. 


Magnesium for ductile iron . . . spe- 
cifications for magnesium-ferrosilicon, 
said to be a low-cost source, offered 
in 4-p booklet. Also lists specifica- 
tions for post-inoculation alloys and 
describes how magnesium makes iron 
ductile. Electro Metallurgical Co 
Div. Union Carbide Corp 
Circle No. 350, Page 7-8 


Bentonite testing discussed in 
4-p bulletin. Includes photographs 
and graphs plus testing formulae, 
technical requirements and apparat- 
us for the tests. Covers specifications 
for western bentonite used either as 
binder in core and mold sand or in 
preparation of core and mold washes 


in steel foundries. Soiltest, Inc 
Circle No. 351, Page 7-8 


Investment-cast properties . . . ol 
eight stainless and four low-alloy 


steels offered in 40-p booklet. Lists 
chemical 
A.M.S. specifications and mechanical 
properties. Properties of heat-treat- 
ed material are given for the hard- 


applicable 


compositions, 


enable grades of stainless steel and 

for the low-alloy steels. Haynes Stel- 

lite Co., Div. Union Carbide Corp. 
Circle No. 352, Page 7-8 


machining 
data and operating instructions giv- 
en for 22 superalloys and three metal- 
glass sealing alloys. Discusses drilling, 
turning, facing, milling, broaching, 
reaming, shaping, tapping, cutoff and 
unusual machining methods of super- 


alloys. Cobalt Information Center 
Circle No. 353, Page 7-8 


Cobalt superalloys 


Plastic processes . . . as well as metal 
processes in die casting, stamping, 
precision machine parts, metal form- 
ing, plastic molding, welding, assem- 
bly and die making are thoroughly 
covered in folder. Ainsworth-Precision 
Castings Co. 
Circle No. 354, Page 7-8 


Vibrating feeders air-operated, 
covered in bulletin which contains 
photos and data on eight feeders. 
Includes 14 questions to answer and 
send to the company enabling them 
to recommend a feeder design to 


solve specific problems. Cleveland 


Vibrator Co 
Circle No. 355, Page 7-8 


Ovens, dryers and heaters . . . used 
to produce engineered atmospheres 
described in 8-p_ booklet Photo 
graphs illustrate foundry operations 
of baking cores and curing plastics 
Includes information on indirect oil 
or gas fired heaters, shell-type direct 
air heater, tubular type indirect-air 
heater and high pressure hot water 
heating system. J. O. Ross Enginee 


ing Div. Midland-Ross Corp 
Circle No. 356, Page 7-8 


Nickel bronze castings melting 
and molding practice described in 
t-p booklet. Practice said to produce 
sound structural and_ pressure-tight 
castings. Mechanical properties de 
veloped and tabulated. International 
Nickel Co 
C'rcle No. 357, Page 7-8 


Plant facilities shown in illus 

trated booklet. “Tour” of new 27,000 

sq ft plant leads reader through 16-p 

booklet, starting in tool and die shop 

and ending in inspection department 

National Precision Casting Corp. 
Circle No. 358, Page 7-8 


Materials handling problems . . . and 
how they were solved in’ various 
industries are offered in 16-p maga 
zine. Illustrated stories take reader 
through plants from receiving to ship- 
ping. This is the spring issue of publi 
cation. Lewis-Shepard Products, Inc 
Circle No. 359, Page 7-8 


Valve catalog . is a condensation 
20 pp, of company’s 1958 catalog 
Designed as quick reference and for 
the introduction of small industry to 
air power. Valves listed by function 
Presents fundamentals of pneumatics 
and various applications of com- 


pressed air. Ross Operating Valve Co 
Circle No. 360, Page 7-8 


Materials handling side-loading 
unit featured in 8-p bulletin. Unit 
performs operations of stacking lik 
fork truck, carrying like platform 
truck and delivering like road truck 
Illustrated to show the complete plant 
and industrial operations. Baker In- 
dustrial Trucks Div. Otis Elevator 
Co 
Circle No. 361, Page 7-8 


Thermocouples and pyrometers 

for industrial purposes requiring high 
manufacturing, smelting and refining, 
heat treating and foundry operations. 
described in catalog. Outlines com- 
pany’s special order engineering serv- 
ice for the design of units to meet 


DISGUSTED 


WITH (3 


ABRASIVE 
CLAIMS ? 


EXPENDABLE PALLET PACK 


Forty 50 Ib. cartons in 
one master pack: easy 
to store, easy to inven- 
tory, easy and safe to 
handle. NoExtraCost 
to you. (Also in con- 
ventional 100 Ib. or 50 
Ib. bags.) 


TEST SAMPLE KIT 


A free, no-obligation 
lab analysis on your 
blastcleaning effi- 
ciency. See where your 
money goes. No Cost 
to you. 


METAL ABRASIVE COMPANY 


3560 Norton Rd. + Cleveland 11, Ohio 
101 E. Main Street + Chicago Heights, Illinois 
Sole manufacturers of 
® Permabrasive and ® Controlled '‘T" abrasives. 


“& 
a — 


A metallurgical analysis shows NATIONAL 
CONTROLLED ABRASIVES to have three fing 
qualities: (1) higher carbide content—it is the iron 
carbides that do the cutting—so you get bette 
and faster cleaning action; (2) a ductile matrix 
unique with NATIONAL CONTROLLED ABRA 
SIVES—that is kind to your equipment and savé 
substantial sums on maintenance costs; and (3 
lower phosphorus content—which indicates a ré 
sistance to breakdown—producing longer abra 
sive life. 


These qualities are no accident, but the result of 
a carefully controlled melting process and tt 
specially selected high quality steel scrap fron 
which NATIONAL CONTROLLED ABRASIVES 
are made. 


lf your abrasive job calls for ‘‘chilled''"—we'll beat 
the others hands down with ®CONTROLLED 
“T" by 25% to 40%. (And you can prove it simply 
with a Time Meter.) If your abrasive job calls 
for annealed or steel—we'll beat both with 
®PERMABRASIVE by 10% to 20%! 


@--USERS SAY 


“Shot consumption records show Conventional 
chilled iron shot at 27.8 Ibs. per ton of castings cleaned 


... CONTROLLED “T" shot at 13.7 Ibs." 

“Quality Control Department reported 39 Ibs. CON- 
TROLLED “T" Grit per wheel-hour against 57 Ibs. for 
the ordinary chilled used previously.” 

“A check of comparative costs shows that abrasive 
costs per wheel-hour with PERMABRASIVE are now 
almost exactly 20% less than with (blank) Steel Shot 
Personnel most pleased with the finish received with 
PERMABRASIVE." 


Sold Exclusively by 


HICKMAN, WILLIAMS 
& COMPANY (inc.) 


Chicago - Detroit - Cincinnati 
St. Louis - New York - Cleve- 
land - Philadelphia - Pittsburgh 
Indianapolis 


Exclusive West Coast 
Subdistributors 


BRUMLEY-DONALDSON 
COMPANY 


Los Angeles - Oakland 


Write Department 1! 
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FOR BETTER CASTINGS... 
ULINAL S70" 


refractory gating 
components 


Determine proper gating faster 

eliminate slag inclusions, stop 

reduce cleani room 

time, and lower production costs 

UNIVERSAL refractory gating 

components will help you do 

1 at less cost than pro- 

your own from sand 

1d specifications for price and 
delivery quo- 
t ns, OF call 


h 19]2 


WRITE TODAY FoR 
CATALOG LISTING SPEC! 
FICATIONS OF STANDARD 
GATIVG COMPONENTS 
Pouring Tubes 


UT Ts. 7. 


CLAY PRODUCTS CO. 
1505 EAST FIRST ST. e SANDUSKY, OHIO 
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. HOLTZMAN 
METAL CO. 


SMELTERS AND REFINERS 
SINCE 1900 


SSSsssssSSSsSS—— 


S 
HOLMCO 


SSS SSS 


GUARANTEED Brass, Bronze and 
ALUMINUM INGOT to your specifica- 
tions IMPROVED WITH FACTOR “X”! 


Send us a sample order! If you want to 
improve the quality of your finished 
products at no additional cost... let us 
show you what HOLMCO ingot, im- 
proved with Factor ‘‘X"’ can mean to you! 


5223 McKISSOCK AVE., ST. LOUIS, MO 
CHestnut 1-3820 


Circle No. 270, Page 7-8 
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specific heat-measuring problems 


Raymond F. Me Hugh & Son. 

Circle No. 362, Page 7-8 
Exothermic products discussed 
in 8-p booklet said to present liquidiz- 
ers and fluxes for all metals and al- 
loys. Descriptions, directions, advan- 
tages and results of products included 
Pittsburgh Metals Purifying Co 

Circle No. 363, Page 7-8 


Filing equipment . . . for vertical 
blueprints, maps, drawings 
ind large sheets presented in illus 
trated, 1] p booklet Specifications 


f each unit ffered as well as fea 


filing of 


tures pointed out in line drawings 
Plan Hold Corp 
Circle No. 364, Page 7-8 


Corrosion resistant . . . castings which 
reportedly resist high temperature 
corrosion and abrasion are discussed 
in well-illustrated booklet. Tempera 
ture properties, composition and typ- 
ical uses of the allov <¢ istings are 
included. Blaw-Knox Co 
Circle No. 365, Page 7-8 


free films 


@ Motion pictures and other visual 
aids based on foundry processes and 
supplies are also yours for the asking. 
These films are suggested for formal 
or informal training groups. The own- 
ers of films in this column will send 
booking request forms to MODERN 
CASTINGS readers who circle the 
appropriate number on the Reader 
Service card (page 7-8). 


COz Process in the Foundry .. . 16 

mm, color, sound, 35 min. Film shows 

how the COz Process is applied in the 

foundry. Delhi Foundry Sand Co. 
Circle No. 366, Page 7-8 


Tooling the Band Saw for Production 

16 mm, color, sound, 10 min. 
Describes versatility of band saw in 
removal of metal. Shows how ma- 
chines provide new concept to ma- 
chining operations requiring shaping, 
slotting, splitting or facing. DoAll Co 

Circle No. 367, Page 7-8 


Grinding Wheels and Their Applica- 
tion . . . 16 mm, sound, color, 24 min. 
Portrays where and how grinding 
wheels are used in industry. Also dis- 
cusses factors that make up a grind- 


ing wheel. Simonds Abrasive Co. 
Circle No. 368, Page 7-8 


Advanced Welding Techniques 

16 mm, color, sound, 10 min. Film 
shows importance of using correct 
electrode for specific welding jobs. 
Shows how right electrode results in 
faster and easier welding at lowest 
cost. Westinghouse Electric Corp. 

Circle No. 369, Page 7-8 


LET PERFORMANCE SPEAK FOR ITSELF 


try PEKAY M-T-MATIC 
(SELF-CLEANING) ELEVATOR BUCKETS 
DESIGNED SPECIFICALLY FOR 
TEMPERED FOUNDRY SANDS 





FOR CHAIN 
AND BELT 
APPLICATION 





867 N. SANGAMON STREET CHICAGO 22, ILLINOIS 


Manufacturers & Designers of Pekay Mixer Mullers, 
Airators, Coolerators, Blenders and Sand Systems 
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TING Obey. 

“= 
Including almost 2000 terms, this book is intended to help 
standardize the meanings of foundry terms throughout the 
metal castings industry. In its preparation, reference was made 
to many presently existing glossaries and dictionaries of scien- 
tific and engineering terms. IT IS THE MOST COMPLETE 
WORK OF ITS KIND and should be at the finger-tips of every 
member of the metal castings industry. (80 pp. 6 x 9 Paper 
Bound.) 


AFS MEMBERS $.75 NON-MEMBERS $1.25 


American Foundrymen’s Society 
Golf and Wolf Roads, Des Plaines, llinois 


Place my order for copies of GLOSSARY OF FOUN- 


DRY TERMS. 
[] Remittance Enclosed (CD Send invoice 


Title 





























Hamilton Garnsey, Jr., 56, vice-presi- 
dent and general manager, Goulds 
Pumps, Inc., Seneca Falls, N. Y. died 
recently. He joined the organization 
in 1923, serving as works manager for 
many years, a director since 1932 and 
vice-president since 1938. Garnsey 
was a member, AFS Central New York 
Chapter. 


James E. Eppley, charter membet 
and Past President of the AFS South 
ern California Chapter, died recently. 


E. N. Wheeler, 48, metallurgist, Belle 
City Malleable Iron, Racine Steel 
Castings Co., Racine, Wis. died re- 
cently. He had been with Belle City 
Malleable Iron for 30 vears. 


J. A. Obermaier, 68, president, Illi- 
nois Testing Laboratories, Inc., Chi 
cago, died. He was one of the 
pioneers in the development of tem- 
perature measuring instruments and 
held many patents in the instrument 


field. 


Herbert Flint, 69, lifelong foundry 
man, died in Orrville, Ohio, recently. 
He was born in Blackburn, England 
and came to this country in 1909. 
Flint was one-time superintendent of 
the Quality Castings Co., and a part- 
ner in the Berted Foundry, Colum- 
biana, Ohio, and vice-president of the 
State Foundry Co., Akron, Ohio. 


Alexander S. Wright, sales represen- 
tative, Springfield Facing Co., Water- 
town, Mass., died recently. He was 
a member and past president, AFS 
New England Chapter. 


Albano Schmidt, founder and _presi- 
dent, Fundicao Tupy S.A., Santa 
Catarina, Brazil, died recently. He 
was a member AFS Mexico Chapter. 


Daniel E. MacLean, 63, vice-presi- 
dent, Lava Crucible Refractories Co., 
Pittsburgh, Pa. died recently. Mac- 
Lean has been with the company 
since 1926 and was a member of 
the AFS Pittsburgh Chapter. 


F. G. Nichols, general foreman, Rail- 
road Products Div., American Brake 
Shoe Co., St. Louis, Mo., died re- 
cently. Nichols was a member, AFS 
St. Louis District Chapter. 


for higher 
performance it’s 


0 H 0 ae Size for size, Ohio Magnets lift larger 
we loads over longer periods because they 
Be 3 operate cooler. So for extra magnet 
% lifting power, extra magnet value— 


always specify Ohio Magnets and 

Ohio Magnet Controllers. There's 

a type and size for every 

lifting job. Send for free copy ol 
Bulletin 112, or consult the Yellow Pages 


for Ohio offices in principal cities. 


AA-147T 


HOMER MANUFACTURING DIV. «+ Lima, Ohio 
Producer of Permanent Magnetic Equipment 


THE OHIO ELECTRIC MFG. CO. 
5400 DUNHAM ROAD * MAPLE HEIGHTS * CLEVELAND, OHIO 
CHESTER BLAND 


President 
Ohio Also Makes Separation Magnets e Nail Making Machines e« Fractional Horsepower, Shell and Torque M 
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OLIVER 
Pattern Miller 


SAVES 
VALUABLE 
TIME ON 
ALL 
PATTERN 
WORK 


The Oliver N 103 Pattern Miller 
ikes notable reductions in pat 
herever it is used For 


re box work, grooving. trench 


tern osts Ww 


’ 


inting. routing, gear cutting 
ral work it is unmatched 


1 
i work with extreme u 


y and ease. Even small jobs 
De handled economically on 
Oliver Pattern Miller. Write 
Bulletin N 103 


OLIVER ALSO MAKES A LARGER PATTERN MILL 

ER. A FULL LINE OF PATTERN LATHES AND 

WOODWORKING EQUIPMENT FSPECIALLY DE 
SIGNED FOR PATTERN SHOPS 


OLIVER MACHINERY COMPANY 
Grand Rapids 2, Michigan 
Circle No. 274, Page 7-8 


MORE CASTINGS 
al 
LESS COST! 
@ Eliminate expensive duplicate master 
patterns! Lengthen pattern life with our 
precision-molded pressure cast aluminum 
duplicates. Guaranteed filling of all detail 


molding done in plaster for extreme 


accuracy Write for FREE bulletin 


THE 


SCIENTIFIC CAST PRODUCTS 


CORPORATION 
Famous for Quality for Over 20 Years~ 


1390 East 40th Street, Cleveleond 3, Ohio 
2520 West Loke Street, Chicago 172, Illinois 
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German invention reclaims 
loose borings 


Shoots loose borings 
cupola melting zone 


Eliminates briquetting 


Very low equipment main- 
tenance 





ROXY BORING INJECTION MACHINE 


BEARDEN SALES & ENGINEERING CO. 


4935 Malibu Drive, Route 3 
Bloomfield Hills, Michigan 
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2201 First Ave., North 


*Reg. U.S. Pat. Of. 





EMPIRE 


“THAT GOOD” 
FOUNDRY COKE 


DEBARDELEBEN COAL CORPORATION 


Birmingham 3, Ala. 


Phone Alpine 1-9135 
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Sam Ashwood ... has been named 
vice-president, Target Northern Corp. 
Kansas City, Mo. He will devote full 
time to the distribution of Target's 
masonry saws, concrete saws, abra- 
sive, safety and diamond _ blades 


Emil J. Romans. . . was recently ap- 
pointed foundry superintendent, Na 
tional Malleable and Steel Castings 
Co., Cleveland, where he began 25 
vears ago as a checke r. He gained 
experience in all foundry operations 
before he became supervisor in chargs 
of molders and labor. He replaces 
Frank Steigerwald who retired last 
month, after 40 years of service. Ro 
mans is a member of the Cleveland 
Technical Society council and is AFS 
Northeastern Ohio Chapter Chair 


man 


Carl E. Rowe . . . has been appoint- 
ed president, Milwaukee Valve Co 
Milwaukee, Wis. Rowe advanced in 
two vears from assistant general man 
ager to vice-president and general 
manager prior to his present posi- 
tion. He is a_ widely respecte d 
authority in the field of foundry opera- 
tions. His present company manufac- 
tures a complete line of bronze and 
aluminum valves and allied products 
for the plumbing and heating indus- 
try and petroleum marketing indus- 
try 


Edward Hill . . . Corn Products Sales 
Co., New York, will serve customers 


até 


E. J. Romans 


J. Patterson 


get personal 


in both Eastern and Southern Divi- 
sions and will continue to maintain 
his headquarters in Eastern Division 
as part of the company’s expansion. 
J. R. Belche, Jr., has been named 
to serve the foundry industry in the 
Southeast, working out of the Atlan- 
ta office. Both are technically trained 
men who will provide direct techni- 
cal assistance to Corn Product's users. 


James Patterson . . . is the new Phila- 
delphia representative of National En- 
gineering Co., Chicago, Ill. He was 
formerly with Simplicity Conveyor 
Co., Durand, Mich 


Bert Troy is now vice-president 
of Pennsylvania Electric Steel Cast- 
ings Co., Hamburg, Pa. Troy was the 
former Philadelphia representative for 
National Engineering Co., Chicago, 


Ill. 


A. B. Penters will represent Archer- 
Daniels-Midland Co., Federal Found- 
ry Supply Div., Cleveland, in serving 
foundries in the Western Michigan 
area. Penters has served in produc- 
tion, experimental and engineering 
capacities at Ferro Machine, Ford 
Motor Co., and White Motor Co. 


E. B. James 
position as foundry process engineer 
and metallurgist, Clark Brothers Co., 
Chicago. He is a member AFS Chi 


cago Chapter. 
2 


A. B. Penters 


has acc epted a 





For Sale, Help Wanted, Personals, Engineering Service, etc., set solid 
- 25¢ per word, 30 words ($7.50) minimum, prepaid. 


Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box 
number, care of Modern Castings, counts as 10 additional words. 


Display Classified . . Based on per-column width, per inch . 


1-time, $18.00; 


6-time, $16.50 per insertion; 12-time, $15.00 per insertion; prepaid. 





Help Wanted 


FOUNDRY METALLURGIST Experienced in 
electric furnace melting and laboratory tech- 
niqve. Sit. LOUIS STEEL CASTING INC., 
100 Mott St., St. Louis 11, Mo. 


W ANTED—Sales agents to represent new cer- 
eal binder in Cincinnati Louisville area 
and in Virginia Carolina area. Please send 
yperations. Box E-36, MOD- 
Golf and Wolf Roads, Des 


resume of current 
ERN CASTINGS, 
Plaines, Ill. 


FOUNDRY SUPERINTENDENT Gray iron 
obbing foundry—50 to 75 ton capacity—lo- 
ated in Northern Illinois—-must have formal 
Technical Training, as well as operating exper- 
ience. Please state salary desired in resume 
Box E-37, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, III. 


Engineering Service 


TROUBLE SHOOTING — INVESTIGATIONS 
— CONSULTING f small or large wgray 
foundries on weekly or monthly basi 

by nattached impartial and cost-minded 
technical foundry engineer and metallurgist 
th ecperience here and 


abroad. ERIC WISBRUN, 109 Mulberry, Al- 
bion, Michigan. 





WESTOVER CORPORATION 
Consultants 
Exclusively serving the foundry 
industry since 1930 
Mechanization— Modernization 
Labor Relations—Incentives— Systems 

Cost and Production Control 
Plant Layout—Management 

3110 W. Fond du Lac Ave., 
Milwaukee 10, Wisconsin 











Wanted to Buy 


MOLDING MACHINES WANTED One Mil- 
waukee Jolt-Squeeze Stripper Model 216 also 
one Osborn Roto-Lift Model 3161. Address 
Box E-35, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill. 


TRANSACTIONS AFS back volumes anil 
ets—-wanted to buy for cash also other 
scientific and technical Journals A.S.F 
ASHLEY, 27 E. 2ist Street, New York 10 
N.Y 


WANTED! BOUND VOLUMES OF TRANS- 
ACTIONS OF AFS. Arrangements to sell 
bound volumes of TRANSACTIONS of AFS, 
intact and in good condition, may be made 
through AFS Headquarters. Those who have 
no further use for any volumes of TRANS- 
ACTIONS on their bookshelves are requested 
to communicate with the Book Department, 
American Foundrymen’s Society, Golf and Wolf 
Roads, Des Plaines, Hlinois. 








CORE WIRE & ROD 


straightened and cut to your length 
20 years of supplying black annealed and basic wire 
Below Mill Prices 


Phone or Write for Quotations 


NORTHERN STEEL CORP. 


1215-31 Walnut St., Erie, Penna. Ph. 47-130 








FOR SALE 
P & H 3-TON BRIDGE CRANE 


2 motor, single | beam, top running, floor controlled 
Travlift crane, 27’-2” center to center runway span 
Speeds: Hoist 24 fpm, 5 hp; trolley hand geared 
bridge 175 fpm, 3 hp; 5 speed manual pushbutton 
control with time delay relays on last two steps of 
acceleration; runways 12’-9-1/4” above floor line 
69’-2” long. Price $2500. 
ELECTRO-ALLOYS DIVISION 
Taylor Street & Abbe Road, Elyria, Ohio 














Positions Wanted 


Melter or Melting Supervisor — 3 phase elec- 
tric. 23 years experience melting all types 
carbon, high and low alloy and stainless steels, 
irons and special application high alloy irons. 
Excellent production and labor relation rec- 
ords. Available April 15. Box E-21, MODERN 
CASTINGS, Golf and Wolf Roads, Des Plaines, 
ju. 


For Sale 





FOR SALE 
Simpson Muller— Number One Style C 
Serial 30835 Sandcutter Model AM 
American Serial 211 
May be inspected 
Box E-34, MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill. 





Indian Foundrymen Told to 
improve Technical Training 


® Recent developments in foundry 
technology were discussed in a sym 
posium held in Jamshedpur, India 
in February. The symposium was 
organized by the National Metallu 
gical Laboratory, Jamshedpur, in col 
laboration with the Institute of In 
dian Foundrymen. 

According to Dr. B. R. Nijhawan 
Director of National Metallurgical 
Laboratory, “purpose of the sympo 
sium was to focus on latest devel 
opments in foundry technology and 
to study the scientific developments 
abroad in techniques of founding 
metals and alloys which could be 
successfully implemented in the In 
dian foundry industry.” 


Training Centers Needed 


Sir J. J. Ghandy, Tata Industries 
Ltd., and chairman of the executive 
council, National Metallurgical Lab 
oratory, presided. Speaking before 
the delegates, he said that the found 
ry industry in India needed immedi 


ate establishment of training centers 


both at the University and _ trade 
levels, if it hopes to keep pace with 
development in other related indus 
tries. He stressed need for proper 
training of personnel, both technical 
and managerial, and adoption of mod 
ern methods. 

Scope of the symposium was as 
follows 

8 raw materials for molds an 
cores; 

® equipment and methods for ma 
terials handling; 

® modern innovations in foundry 
technology (COz process, shell mold 
ing): 

® new developments in melting, 
including casting techniques and lat- 
est equipment; 

® recent developments’ in the 
founding of ferrous and non-ferrous 


metals and alloys 
® the position of the foundry indu 
try in India relative to the country 
second Five Year Plan 
® foundry mechanization and lay 
out 


® and foundry management 


American Papers 


AFS immediate past-president, H 
W. Dietert, Harry W. Dietert Co 
Detroit, authored one of the techni 
cal papers re id at the syiInposium 
entitled, “Casting Quality Control 
Dilatometet 

Other papers written by Americans 
and presented before the yvmposium 
are as follows 

“Some Problems in Shell Molding 
the Possibilities of Shell Cores \ 
Woods, Shallway International ¢ orp 
Palo Alto Calit The Bonding 
Mechanism in Foundry Sand Min 
tures,” Dr. D. C. Williams, Ohio State 
Universit Columbus Ohio ind 
“Foundry Mechanization,” C. V. Nas 
Beardsley & Piper, Chicago 


Millions Heard About AFS 
Foundry Show Over Radio 


@ The AFS sponsored Casting Con 
gress and Foundry Show was well 
publicized over the nation’s air waves 
In addition to the mention given the 
Show in Alex Dreier’s coast to coast 
salute to the metal casting industry 
International Nickel Co., New York 
spotlighted the Show and its exhibit 
on all the company’s 31 radio news 
broadcasts throughout the country 
Inco’s broadcast time is selected to 
coincide with the highest percentage 
of male listeners, 7:00-8:00 am and 
6:00-7:00 pm Every broadcast men- 
tions the distributor and local ad 
dress as a source of information and 
supply for Inco nickel and nickel 
loys in addition to offering the ad 
incentive of Inco technical — se 
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AERATE AND FLUFF 
AT MOLDING STATION 
FOR MAXIMUM BENEFITS 


To take full advantage of the economies 
of central sand conditioning, highly 
mechanized foundries usually find it 
necessary to sacrifice other elements 
Some of these are permeability, flow 
ability and cooled sand 

To produce the best possible molds 
sand should be aerated and fluffed as 
the final operation. before it is used 
More and more, foundries with central 
systems are turning to Royer to help 
improve their sand’s properties 

Thousands of foundries have in 
creased the permeability of their mold- 
ing sand 10 to 20 points by aerating 
at the molding station with a Royer 
Separator and Blender, like the Model 
N YP-E shown here. Besides eliminating 
the problems of packed sand, they gain 
the advantages of better flowability and 
cooled sand. Royerizing reduces new 
sand requirements and often eliminates 
entirely the need for facing sand. Cast - 
ings have smoother finishes, too, reduc- 
ing grinding and cleaning costs 





Model NYP-E 











Royer Sand Separators and Blenders 
are available in sizes to fit any foundry 
need. This Model NYP-E handles the 
charge of a front-end loader. Other 
models are available with capacities as 
low as seven tons per hour. 

Two bulletins describe the Royer 
line of Sand Separators and Blenders. 
Bulletin SS-54 covers machines from 
7 to 60 tons per hour maximum capac- 
ities. Bulletin NY-54 describes the 
series engineered for high capacity sand 
handling systems. Write for your copy 
today. 
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SAND CONDITIONING TOPICS 


PUBLISHED BY ROYER, MANUFACTURERS OF. THE FOREMOST IN SAND CONDITIONING EQUIPMENT 








~ 
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Sand Contamination Drains Your Profits 


Periodic business recessions in the 
foundry industry point up the need to 
eliminate waste and excessive hand 
labor—or sacrifice profits. In one area 
of foundry operation—sand contamina- 
tion important strides have been 
made in stopping the profit drainage. 

Tramp iron damage usually occurs 
at the muller, conveyor belts, aerator or 
patterns. Patterns faced with contam- 
inated sand produce poor casting fin- 
ishes and high scrap loss. Probably the 
most efficient and economical way to 
remove contamination and produce 
clean sand is with a Royer Scrap 
Control Unit. 

Referring to the drawing, shake out 
sand from the molding floor is dumped 
by front-end loader into the receiving 
hopper. Large scrap is riddled out by 
the Shake-Out and discharged at con- 
venient wheelbarrow height for collec- 
tion and removal. 

Ferrous scrap small enough to pass 
through the grid openings of the Shake- 
Out is separated from the sand by a 
magnetic pulley at the upper end of the 
conveyor belt. Depending upon the 
degree of mechanization you employ, 
clean sand discharge may be made to a 
skip hoist feeding a muller, conveyor 
belt, or into the hopper of a Stationary 
Royer Separator and Blender for cool- 
ing, aeration and blending. We recom- 
mend discharge onto a heap for trans- 
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porting by front-end loader to a Port- 
able Royer Separator and Blender at 
the molding station for cooling, aerat- 
ing and fluffing. 

If tramp iron is the cause of any of 
your profit loss, we invite you to discuss 
your problem with the foundry-wise 
Royer agent serving your territory. 
He’ll explain how a Royer Scrap Control 
Unit can pay for itself in less than two 
years, stop your profit drainage and 
improve the quality of your castings. 

Your first step in stopping profit 
drainage caused by sand contamination 
is to mail the coupon for our latest 
Scrap Control Bulletin. We'll send it 
without obligation—plus the name of 





the agent who serves you. 


} > io > @ >) | 0) 09.9 2) = ag 
& MACHINE Co. 


E 155 PRINGLE STREET 
KINGSTON, PENNA. 


Sand Contamination is cutting into our profits. 
Please rush me your Scrap Control Bulletin. 
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Agency—Hazard Advertising Co. 


Wheelabrator Corporation 
Agency—The Jaqua Co. 

Whiting Corporation 
Agency—Waldie & Briggs Inc. 


Woodward Iron Co, 
Agency—Sparrow Adv. Agency 


This index is published as a convenience 
to the readers. While every care is taken 
to make it accurate MoperN CastTINGs 
assumes no responsibility for errors or 
omissions 


International Foundry Con- 
ference to Feature Service. 
@ With “Foundry at the service of 
man,” as its theme, the 25th Inter- 
national Foundry Conference will con- 
vene in Brussels and Liege, Belgium, 
Sept. 29-Oct. 4, under the auspices 
of the Technical Foundry Association 
of Belgium 

The spirit of the conference is 
commensurate with the general 
theme of the Brussels’ 1958 Univer- 
sal and International Exhibition—re- 
viewing progress toward a more hu- 
man world. Conferees will be offered 
free tickets to the Exhibition valid 
throughout the Foundry Congress. 





Exchange Papers 


Exchange papers will be present- 


* 
ed during four technical sessions. The Vacu u ag , Continuous 
first session will cover automation 
and professional education. Scientific | 


e 
problems will comprise subject mate- | Heat Treating 


rial for the second session; direction |  « fin ‘ 

and organization of scientific research Gas & & in Controlled Atmosphere 
and reports on original research work 

— 6 par session will cov-__| Electric furnace alloy steel, showed in revolutionary Nothing like it in the industry. Uniform heating of 
er technical problems concerning co- | new vacuum chamber for greater density, eliminating every particle, in zero oxygen atmosphere. For the 
operation between foundrymen and the voids and defects encountered in conventional first time ... ball bearing heat treating quality in a 


designers. In addition, papers relat- steel shot. Gives you a fatigue resisting shot of much tonnage product . . . gives you uniform hardness and 


ing to attainment and application of longer wear life. longer life. 
properties required in to-day’s cast- 


ings will be presented. The final 

technical session will feature tech- i 

a. ucaes ee New Rotoblast Steel Shot gives you much faster cleaning 
Representing the United States 

will be H. F. Taylor and M. C. ~ 

Pieuiinan, fe:, Memnchenetie Destitete and the lowest blast cleaning cost ever! 

of Technology, Cambridge, Mass. 

Their paper is entitled, “Adapting 

nae hy Iu ag a Mt yn oats ‘ write PANGBORN CORP., 1300 Pangborn Blvd., Hagerstown, Md. 
The calendar of events will in- 

clude visits to plants and laborato- 

ries, evening parties and a tour of 

the International Exhibition. A pro- 

gram has been organized for the la- 

dies, allowing ample shopping or 


browsing time in either Brussels or 
Liege. 


eames Rotoblast Steel ‘ aot 


Schedule an early test! Talk to the Pangborn Engineer in your area or 





nerease Customer 


we 


APEX 


ALUMINUM ALLOYS § for all types of castings 


for thermit reductions, steel metallurgy, 
chemical applications, etc. 


* Furnished in ingot, 
grained and special forms 


** Furnished in ingot and shot 


Spectrographic standards 

Metallographic and X-Ray Examinations 
Chemical Analytical methods 

Physical and mechanical property tests 

Chemical, spectrographic and quantometer analyses 
Field Engineering 


A practical, working knowledge of your problems . . . a superior 
product to meet them. These are the standards by which 
Apex Ingot is made . . . the reason why Foundrymen and Die Casters 
everywhere say, “It’s best in every test from Ingot to Casting!” 


Research leadership back of every ingot CHICAGO 12 + CLEVELAND 5 * LONG BEA 
SPRINGFIELD, OREGON (NATIONAL METALL 
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